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Abstract

Performance Based Navigation (PBN) is a key element of the Federal Aviation
Administration's (FAA) NextGen Program. In order to increase National Airspace System
(NAS) capacity and efficiency, PBN routes and procedures are being developed, including
Area Navigation (RNAV) and Required Navigation Performance (RNP) procedures. RNAV
enables aircraft to fly directly from point-to-point on any desired flight path using ground-
or spaced-based navigation aids. RNP is RNAV with the addition of onboard monitoring and
alerting capability. Both RNAV and RNP procedures allow aircraft to fly accurate routes
without relying on ground-based navigation aids. RNAV and RNP procedures facilitate
more efficient design of airspace and procedures, offering significant safety improvements
and flexibility to negotiate terrain, as well as improving airspace capacity and operational
efficiency.

The initial implementation of RNAV and RNAV (RNP) procedures has raised several human

factors issues. RNAV (RNP) Instrument Approach Procedures (IAP) and RNAV Standard

Instrument Departures (SID) and Standard Terminal Arrivals (STARs) often have more
waypoints, altitude constraints and other elements than conventional procedures, resulting

in charts being cartographically complex. Thus, a chart review was conducted to objectively
understand the procedure elements that contributed to increased information density and

high levels of visual clutter.

A total of sixty-three approach, fifty-two departure, and fifty-four arrival procedures were
analyzed. Primary findings were that the factors associated with high levels of visual clutter
included having multiple flight paths per page for approach and departure procedures, and
having complex altitude constraints for arrival procedures. Multiple waypoints per path

was also a factor for both arrivals and approaches. In addition, having RF legs were

additional factor contributing to visual clutter for approach procedures.

One method to mitigate the increased information density and visual clutter on the RNAV

and RNP procedure depiction is to reduce the number of flight paths shown on a single page

by separating the depicted paths to multiple pages. However, there are a number of

drawbacks to this clutter mitigation technique. Example drawbacks include having more

paper to carry in the flight deck and more time spent searching for the correct page within a

set of separated pages.

An experiment was conducted to determine the effect of reducing the number of paths
depicted on single-page "Modified" charts. FAA AeroNav Products and Jeppesen created

versions of the Modified chart in their standard cartographical conventions. The

experiment was conducted to evaluate whether these Modified charts would impact
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information retrieval time and accuracy compared with the "Current" charts being used
now. Current FAA AeroNav Products and Jeppesen charts were used as the baseline
condition. Six procedures were studied, including three RNAV departure procedures from
Dallas/Fort Worth, Las Vegas, and Salt Lake City airports, and three RNAV (RNP) approach
procedures from Boise, Bozeman, and Palm Springs airports. During the experiment, pilots
were shown the same procedure in Current and Modified chart formats.

All charts were displayed electronically on a high-resolution computer monitor. Pilots were
asked information retrieval questions associated with each chart. Pilot response time and
accuracy with which pilots answered the information retrieval questions were recorded.
Pilots completed the task in two blocks, one for approaches and one for departures. The
Current and Modified charts within each block were presented in random order, and the
order of the two blocks was counterbalanced. Each block began with six practice questions.
Each session took approximately one hour to complete.

Data were collected from 28 commercial airline pilots and 19 corporate pilots with average
flight experience of 11,484 hours. Fourteen pilots used FAA AeroNav charts, and 33 pilots
used Jeppesen charts.

Pilots were found to answer questions faster using Modified charts than Current charts.
This effect was statistically significant with a p-value less than 0.01. For approach
procedures, the mean response time for Current charts was 16.9 seconds, compared with
10.6 seconds for Modified charts. For departure procedures, the mean response time for
Current charts was 16.2 seconds, compared with 13.2 seconds for Modified charts.
Response times were also significantly faster for Modified charts than for Current charts
when analyzed for each airport, chart manufacturer (Jeppesen and FAA AeroNav Products),
and pilot type (Corporate and Airline).

Overall question response accuracy for all 47 participants was 99.5%. There were no
statistically significant differences found for the response accuracy between Modified and
Current chart use.

Thesis Supervisor: Dr. R. John Hansman

Title: T. Wilson Professor of Aeronautics and Astronautics
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Chapter 1

Introduction
The Federal Aviation Administration (FAA) and International Civil Aviation Organization

(ICAO) are transitioning to Performance-Based Navigation (PBN) airspace, in order to

increase National Airspace System (NAS) capacity and efficiency. PBN routes and

procedures, which include Area Navigation (RNAV) and Required Navigation Performance

(RNP) procedures, are being developed in order to help achieve this transition [MITRE

CAASD, 2010]. RNAV and RNP procedures are designed to take advantage of the advanced

navigation technology. RNAV enables aircraft to fly directly from point-to-point on any

desired flight path using ground- or spaced-based navigation aids. RNP is RNAV with the

addition of onboard monitoring and alerting capability. RNP procedures meet specific

requirements for position determination and track conformance, enabling the aircraft to fly

accurate routes without flying directly over ground-based navigation aids.

NEXT GEN Components: RNAV/RNP
Moving to Performance-Based Navigation

Conventional Routes RNAV

Waypoints

'urrent Ground
-NAVAIDs

Limited Design Increased Airspace
Flexibility Efficiency

Sourc: Federal Aviation Administration

RNP
aS~d Nrv~gationi Perlormic

(RNP* routes wlths specifiad
-contalnment r.a

Narrow TERPS

Seamless
VerticalSame

Path

Curved
Paths

Optimize
Use of Airspace

Figure 1. RNAV and RNP routes compared with conventional
routes. (Source: FAA)
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Figure 1 illustrates different routes from conventional to RNAV to RNP procedures. As seen

from the figure, RNAV and RNP procedures facilitate more efficient design of airspace and

procedures. They offer operators significant safety improvements, and new levels of

flexibility to negotiate terrain, access to airspace, airspace capacity and operational

efficiency.

However, the initial implementation of RNAV and RNAV (RNP) procedures has raised

several human factors issues. RNAV Standard Instrument Departures (SIDs) and Standard

Terminal Arrivals (STARs) and RNAV (RNP) Instrument Approach Procedures (IAPs) often

have more waypoints, altitude constraints and other elements than conventional

procedures, resulting in charts being cartographically complex.

Figure 2 shows example planviews of conventional, RNAV and RNP IAPs from Peachtree

Dekalb Airport (PDK) in Atlanta, GA, into runway 22L. The planviews shown in this figure

map one-to-one to Figure 1.

Conventional

(c)

Figure 2. The planview of approach charts at DeKalb-Peachtree airport (PDK) into runway 22L (a)
Conventional ILS procedure (b) RNAV (GPS) routes and (c) RNAV (RNP) routes.
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Figure 2(a) shows an Instrument Landing System (ILS) procedure as an example of

conventional IAP. ILS procedure utilizes ground-based navigation aids that transmit radio

waves in one particular direction from the airport. This procedure is typically one straight-

line path that allows the aircraft to approach and land at the airport as shown in Figure 2(a).

Unlike ILS procedures, where the path followed is conical and the existence of the ground-

based signals only exists within that cone, RNAV procedures (Figure 2(b)) utilizes spaced-

based navigation aid that allow for greater airspace efficiency with its constant width paths.

Finally, Figure 2(c) represents an example of RNAV (RNP) approach procedure. As seen

from the figure, RNAV (RNP) procedures contain strictly defined paths that are typically

constructed using curved segments called Radius-to-Fix (RF) legs. In addition, complex RNP

procedures can typically contain multiple paths. In Figure 2(c), there are a total of 5 paths

beginning from fixes: MIKEE, BUNNI, DLUTH, WOMAC, and TUCKR. The combination of

multiple paths and RF legs can create a graphical representation on the RNAV (RNP)

procedures that is vastly different from the conventional procedures such as ILS

procedures.

The implementation of RNAV and RNP procedures has already begun. Alaska Airlines

developed the first RNAV (RNP) approach procedure into Juneau, Alaska in 1996. Since

then, over 136 RNAV (RNP) procedures have been developed and deployed in the United

States' at the top 50 NAS airports (by operation) alone [MITRE CAASD, 2011]. There are

over 600 RNAV and RNP procedures developed in the United States as of 2010 [US DOT AV-

2011-025, 2010].

Along with increase in operational safety and the efficient usage of airspace, the utilization

of RNAV (RNP) approach procedures has already produced substantial benefits in terms of

fuel savings. For example, Southwest Airlines, who has reportedly flown over 5,800 RNP

IAP operations, is saving more than $1 million per month in fuel costs by utilizing the RNP

capability [Aviation Week & Space Technology, 2011]. Alaska Airlines who has flown total

of 39,700 RNP IAP operations as of 2007 has reportedly saved $8 million [Honeywell,

2007]. Due to these benefits already being observed, many more RNAV (RNP) procedures

are planned to be developed in the next few years [MITRE CAASD, 2011].

Currently in the United States, there are specific requirements that need to be met in order

to fly the RNAV (RNP) IAPs. These requirements include special training for flight crew and
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specific equipment standards for the aircraft. In order to make pilots and ATC aware of this

requirement, it is charted on RNAV (RNP) approach procedures as "Authorization

Required" (AR) on the RNAV (RNP) IAP procedures [FAA Order 8260.52]. This

authorization was previously referred to and charted as 'Special Aircraft Aircrew

Airworthiness Authorization' (SAAAR) now shortened to Authorization Required (AR).

1.1 Motivation

Currently, there is limited human factors research available regarding the depiction of

advanced PBN procedures. This is primarily due to the short time these procedures have

been in place. One document published in 2006 by NASA Langley included a list of chart

depiction issues associated with RNAV Standard Instrument Departures (SIDs) and RNAV

Standard Terminal Arrivals (STARs). The authors, based on attendance at formal industry

group meetings and discussions with subject matter experts, identified chart clutter and

high levels of information density contributing to human factors issues such as high heads-

down search time, workload, and waypoint confusion [Barhydt et al., 2006a].

Barhydt and Adams also conducted a review of 124 safety reports from the Aviation Safety

Reporting System (ASRS) database associated with RNAV SIDs and STARs. These reports

were filed between 2000 and mid-2005. The authors found that approximately 30% of the

issues encountered by pilots were due to chart and procedure design. Barhydt and Adams

listed chart clutter, waypoint proximity on charts, and use of waypoints by pilots as

examples of chart and procedure design issues [Barhydt et al., 2006b].

Butchibabu, Midkiff, Kendra, Hansman and Chandra (2010) updated the ASRS review

conducted by Barhydt and Adams by examining reports filed between January 2004 and

April 2009. The published report is presented in Appendix A. Butchibabu et al. found that

approximately 28% of 202 ASRS reports associated with RNAV SIDs and 30% of 69 ASRS

reports associated with RNAV STARs were related to procedure and chart design issues

[Butchibabu et al., 2010]. This is finding is further explained in Section 2.3.

Barhydt et al (2006b) and Butchibabu et al. (2010) have emphasized the need for further

human factors research regarding specific charting issues contributing to these safety
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reports. Additionally, Barhydt and Adams (2006a) also emphasized the need for chart

design guidelines for these advanced PBN procedures.

In addition to these documented studies, issues regarding the depiction of RNAV (RNP) IAPs

have also been identified within industry technical and operational committees such as the

Aeronautical Charting Forum (ACF) and the Performance Based Operations Aviation

Rulemaking Committee (PARC) RNP Charting Working Group (WG). The ACF is an FAA and

AeroNav Products led group, which identifies charting issues and provides recommendation

for criteria, design and development policies for instrument procedures. The PARC

Charting WG is tasked by the FAA to provide a set of recommendations to improve

operational usability of PBN instrument procedure charts. Both groups include subject

matter experts from pilots, ATC, chart manufacturers, and procedure designers.

ACF and PARC identified concerns over high information density and clutter for the newly

implemented RNAV (RNP) AR IAPs [FAA 09-02-220, 2009]. Some of these complex IAPs

have multiple Initial Approach Fixes (IAFs) and multiple Intermediate Fixes (IFs), defining

several paths to the runway with curved segments. Also, due to the multiple IF segments, it

becomes complicated, and often not possible, to depict all of the different vertical profiles in

one view [PARC RNP Charting WG, 2010]. This is further illustrated and discussed in

Chapter 2, Section 2.1.

1.2 Research Overview

In order to evaluate the identified human factors concerns of RNAV and RNP procedures,

the research presented in this thesis aims to achieve two objectives:

1) Evaluate the depiction of RNAV departures and arrivals and RNAV (RNP) approach

charts for procedure elements that contribute to operational usability issues.

2) Investigate potential techniques to reduce clutter.

In order to address the proposed research objective 1, a chart review was conducted on two

sets of RNAV and RNP procedures. One set of "Problematic" RNAV (RNP) IAPs, RNAV SIDs

and RNAV STARs were identified based on the operational safety reports obtained through
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the Aviation Safety Reporting System (ASRS) 1 and the input from industry technical and

operational committees such as the ACF and the PARC RNP Charting WG. The second set

was identified as the "Baseline" Group, which consisted of procedures from the top 35 OEP

airports that were not included in the Problematic set. For the review, an analysis of

procedural elements that were depicted on the charts was completed. Both identified sets

of charts were reviewed and compared.

Primary findings were that the factors associated with high levels of visual clutter included

having multiple flight paths per page for approach and departure procedures, and having

complex altitude constraints for arrival procedures. Multiple waypoints per path was also a

factor for both arrival and approach procedures. In addition, having RF legs contributed to

visual clutter for approach procedures. The details of the review are presented in Chapter

3.

One method to mitigate the high levels of visual clutter on the RNAV and RNP procedure

depictions was evaluated. This method was to reduce the number of flight paths shown on

a single page by means of separating the depicted paths to multiple pages. An experiment

was conducted to investigate this method as a potential technique to reduce visual clutter

encountered on complex RNAV departure and RNAV (RNP) approach procedures. FAA

AeroNav Products and Jeppesen created a set of modified charts that implemented the de-

cluttering technique. The details of the design of the experiment are presented in Chapter 4.

The experiment was designed to compare information retrieval performance (in terms of

time and accuracy) between current charts and modified (de-cluttered) charts. Pilots were

found to answer questions faster using the modified charts than current charts. This effect

was found to be statistically significant with a p-value of less than 0.01. In addition, there

was not statistically significant difference between modified and current charts. The results

of the experiment are described in Chapter 5.

1 The safety reports from ASRS was obtained as part of a separate task performed to analyze safety

reports involving RNAV and RNP procedures for the study and the details for the analysis are

presented in Appendix A.
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Chapter 2

Background

Instrument procedures are used during three key phases of flight: departure, arrival and

approach. In this study, RNAV (RNP) Instrument Approach Procedures (IAPs), RNAV

Standard Instrument Departures (SIDs) and Standard Terminal Arrivals (STARs) are

examined. Figure 3 illustrates the relationship between the phases of flight and the

instrument procedures.

SIDs are designed to provide a transition from the terminal area to the en route area. STARs

serve as a parallel to SIDs, allowing aircraft to descend to the terminal area from the en

route environment. Typically, IAPs begin where STARs end and guide an aircraft to the

runway where a safe landing can be made [FAA-H-8083-15A].

RNAV SIDs
RNAV STARS "V

RNP SAAAR approaches
RNAV approaches

Figure 3.RNAV and RNP procedures availability for each phase of flight [Professional
Pilot Magazine, 20101
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This chapter provides an overview of how these instrument procedures are published in

chart format. Section 2.1 describes the layout of the different charts for each procedure

category. Section 2.2 provides are in depth review of previous studies and evaluations

conducted on chart design.

2.1 Current Depiction of Instrument Procedures

Instrument procedure charts are intended to provide the pilot with all information required

to fly a given procedure during normal flight operations, as well as during abnormal

conditions of flight. For example, the charts can contain information that can be used in the

event of lost communications or navigation equipment failure. These charts are published

in paper and electronic format.

In the United States, all instrument procedures are designed and implemented by FAA's

Flight Technologies and Procedures Division (AFS-400), which is part of the Flight Standard

Division's Flight Standard Services group. However, the underlying process in the design of

these procedures differs for each type of procedure (i.e., SID, STAR, and IAP). For example,

IAPs are developed by the FAA AeroNav Products using the criteria outlined in the Terminal

Instrument Procedure (TERP) document [FAA 8260]. In order to design an IAP, FAA

AeroNav Products generally gathers information about airspace restrictions and traffic

flows at a given location. SIDs and STARs, however, are initially developed by local ATC

facility that is most familiar with the traffic flow and airspace restrictions of the area. SIDs

and STARs are then reviewed by FAA Aeronav and published.

Currently, there are several chart manufacturers that publish and distribute instrument

procedures in both paper and electronic format. The US Government FAA AeroNav

Products and Jeppesen Sanderson, Inc manufacture the two most widely used charts in the

United States. In the following sections, US Government Charts are referred to as FAA

AeroNav charts, while charts manufactured by Jeppsen Sanderson, Inc. are simply referred

to as Jeppesen charts. Section 2.1.4 discussed the differences in charts between the tow
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manufacturers in depth. There are no FAA regulations that define specific requirements for

the format of charts.

2.1.1 RNAV (RNP) Approach Charts

The Instrument Approach Procedure (IAP) chart can be divided into six main sections: pilot

briefing and procedure notes (1), planview (2), airport diagram (3), profile view (4), landing

minimums (5), and margin identification such as procedure ID and Airport name (6) (FAA-

H-8083-15A). Figure 4 provides an annotated example RNAV (RNP) approach procedure

into the DeKalb-Peachtree (PDK) airport in Atlanta, GA.

ilot Briefing and
CRS kd NAV (RNP) Z RWY 20L Procedure Notes

S* Apt Elev 1003 ATIN"A/DEKAU-PACHTRE (PDIO

4MAW MMD AMOClim at. (il' Plan View

Am.4 12697 APF CON PEAM G O 01-C E irport Diagram

2142 'rofile

(26) Ulinimums

2049
W (Procedure ID & City/

11 Airport Name

A1 E Radius-to-Fix Leg (RF Leg)

bqured.

2 2rocedure 
Notes

14 Missed Approach
01 Procedure

11

OL Authorization Required
R2DLA 1 ((AR) Note

226 Coverage Area/ Effective

DO Date

102tA IR-4 -3 A1901-9 (0-%

NTA, GWoRGIA A11ANTA/DEKALB-
B 12AN2 NAgfg RNAV (RNP) RWY

Figure 4. RNAV (RNP) Z RWY 20L, PDK Airport, Atlanta, GA as an example of RNAV (RNP)
Approach Procedure



Key elements of a path on the procedure include Initial Approach Fix (IAF), Intermediate Fix

(IF), and Final Approach Fix (FAF). These elements combine to create various approach

segments, and are typically depicted graphically in the planview and profile view as shown

in Figure 5. For each segments, the distance, course, and minimum altitude information is

also depicted.

Figure 5. Illustration of the approach segments and transition fixes [FAA-H-9261-1A]

Figure 6 (a) shows an example of conventional approach procedure (ILS or LOC) into Boise

Airport. Figure 6 (b) shows an example of RNAV (RNP) AR procedure at Boise Airport.

Both example procedures are currently being used at BOI into runway 10R.

The IAF typically represents the beginning of the initial approach segment of the procedure

as illustrated in Figure 5. From the example approach procedures depicted in Figure 6, IAF

on the ILS procedure is shown by the fix: USTIK, and on RNP procedure is shown by the
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fixes: EMETTE, BANGS, UTEGE, EREXE, CANEK, RENOL, CADKI, and PARMO. As seen here,

the ILS procedure has one IAF, while the RNAV (RNP) procedure has eight.

The IF represents the completion of the initial approach segment and the commencing of

the intermediate approach segment of the procedure. The purpose of the IF is to position

the aircraft for a final descent into the airport. As seen from Figure 6, the IF on the ILS

procedure is not depicted by a fix. On the RNAV (RNP) procedure, there are five IFs with

fixes: EKEME, APISE, JIMMI, ASAYU, and KOLKE.

Finally, the FAF is depicted as a starting point of the final approach segment to the runway.

On the ILS procedure, the FAF is where the aircraft's glide slope intercepts the glide path

altitude depicted on the chart. FAF is represented by a symbol that looks like a "lightning

bolt" and is not commonly depicted by a fix. FAF on the RNAV (RNP) procedure is

represented by the fix: ISEBE.
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Figure 6. An example of conventional approach procedure (a) and RNP AR approach procedure (b)
is shown.

As shown in Figure 6, Boise airport includes high levels of terrain (region depicted in

brown). The RNP approach procedure depicted in Figure 6 (b) allows flexibility to navigate

terrain by using Radius-to-Fix (RF) legs. RNP procedures are especially beneficial at

airports in mountainous terrain as they allow the aircraft to fly curved paths through

valleys below the peak altitudes of the surrounding mountains. Conventional procedures

such as ILS and VOR/DME rely on ground-based navigation aids and typically restrict the

beginning of a descent to 2000 ft above ground level.

One of the major difference between conventional and RNP procedures is that RNP enables

more precise path designs with lower minimums compared with conventional procedure.

In order to attain this benefit through RNP accuracy and integrity monitoring capability,

Radius-to-Fix (RF) legs were developed (# 7 in Figure 4). These RF legs are curved paths
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that allow the aircraft to negotiate terrain and airspace while maintaining a shorter and

more precise route to the airport via the curved track. The RF capability is required to fly

RNAV (RNP) procedure with RF legs as indicated in the notes section of Figure 4 (AC 90-

101A).

In addition to the RF capability, the use of'(RNP)' as shown in the procedure title (# 6) and

'Authorization Required' (AR) (# 10)2 in Figure 4, alerts crew and ATC that the aircraft must

be properly equipped and certified, and the crew must be trained appropriately to fly these

procedures (AC 90-101A).

For conventional procedures such as the ILS procedure, one path is typically depicted

where the IAF, IF and FAF define the key elements of that path. In addition to these

elements, feeder routes are usually depicted to navigate the aircraft from a transition fix in

the en route structure to the IAF in the terminal area. As depicted in Figure 6 (a), transition

fixes include RENOL, SALLA, and EMETT.

Compared to Figure 6 (a) where only a single approach path is shown, Figure 6 (b), contains

multiple IAFs and IFs resulting in multiple paths to be depicted. Here, the IAFs begin in the

en route structure to enable the aircraft to take advantage of the RNP capability as far out in

the en route area possible. Due to this, all approach procedure segment information (i.e.,

course, distance, and minimum altitude) is also depicted from the en route structure. The

combination of these long multiple paths and the information associated with the paths

being depicted on one chart often causes the chart to look more cartographically complex.

In addition, for conventional procedures that typically contain one path, all minimum

altitude information related to each approach segment from the IAF or IF is depicted in the

profile view (as depicted in Figure 6 (a)). However, in cases where there are multiple paths,

the profile view does not show all altitude information for each full path. This is because

depicting all paths on one profile view can result in ambiguity for the pilot in determining

which path to use. One option is to depict each path on separate profile views however;

there is not enough space to show multiple altitude profiles for each of the other paths on

one chart. Therefore, new complex RNP procedures received waivers from the FAA such

2 "Authorization Required" (AR) was previously referred to as "Special Aircraft Aircrew Authorization
Required" (SAAAR). AR is a term used now by both United States and ICAO. Some charts presented in
this thesis will have the term SAAAR.
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that they only show a limited vertical profile beginning from the Final Approach Fix (FAF)

segment that is common to all the trajectories to that runway (FAA TERPS 8260-1). Pilots

must refer to the planview for altitude information that is not shown in the limited profile

view.

2.1.2 RNAV Standard Instrument Departure (SID) Charts

RNAV Standard Instrument Departure procedures (SIDs) are designed to provide a

transition from the terminal area to the appropriate en route structure. Although obstacle

protection is considered in the design of all instrument procedures, the primary goal for

RNAV SIDs is to reduce the pilot/ATC workload by requiring minimal vectoring and radio

communication between the pilot and ATC. SIDs are also beneficial in increasing overall

capacity of the NAS by enabling efficient airspace use and effective terminal operations.

Similar to RNAV (RNP) IAPs, charts of all RNAV SIDs are publicly available. Pilots are

expected to comply with the charted procedure unless ATC has instructed a change in

altitude and/or airspeed (FAA-H-8261-1A, Instrument Procedures Handbook).

Figure 7 provides an annotated RNAV SID from the Las Vegas Airport (LAS) in Las Vegas,

Nevada. The graphical depiction of the routes includes waypoints, segments, heading and

distance information, and altitude and speed constraints and other graphical information

pertinent to flying the procedure. The graphical representation of the SID is generally not to

scale. RNAV SIDs also contain several notes, which are additional textual information

regarding the procedure.

One example of textual notes is the Takeoff Minimums section (# 6 of Figure 7), which

describe a minimum climb gradient required to maintain obstacle clearance. According to

the FAA Instrument Procedure Handbook, if the aircraft cannot fly the climb gradients

specified in the takeoff minimums, the pilots should not accept a clearance to fly that SID

(FAAH_8261-lA). In addition, to avoid obstacles during a departure, the chart may also

depict non-standard ceiling and visibility requirements to allow the pilot to "see and avoid"

obstacles. For additional obstacle clearance, the Takeoff Obstacle notes (# 11 of Figure 7)

are also published. This section typically lists obstacles in the path of each runway

departure fix.

The General Notes (# 7 of Figure 7) section typically includes specific equipment and

aircraft and avionics performance requirements to fly the RNAV SID. In addition, the
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General Notes section may include operational information for non-RNAV equipment (e.g.,

DME (Distance Measuring Equipment), VOR (VHF Omnidirectional Radio)), and its required

performance. The Route Description notes (# 10 of Figure 7) include a textual description

of the graphically depicted procedure routes. In some cases, this section may only include

the initial departure description until the first transition fix.
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Figure 8 shows an example of a conventional departure procedure for comparison. Both

conventional SID (Figure 8) and RNAV SID (Figure 7) are from the Las Vegas airport. As

seen from the figures, the departure are built around ground-based technology. Due to this,

all existing ground-based navigation equipment information such as information relating to

all VORs (name of VOR, symbol for type of VOR, frequency, mores code, latitude and

longitude, etc.) is depicted on the chart.

RNAV SIDs are designed to provide routing from the terminal area to the enroute structure

to reduce ATC vectoring and the number of radio transmissions. Comparing Figure 7 to

Figure 8, there are fewer waypoints, and paths designed for the conventional LAS VEGAS

THREE departure, potentially increasing ATC vectoring. Also, the procedure route

description states that "radar vector to transition or assigned route" is to be expected by the

pilot. On the other hand, RNAV SIDs have more paths and waypoints, increasing flexibility

for an aircraft to depart quickly, using shorter paths and limiting ATC transmissions.

However, depicting all information related the paths are necessary to attain this benefit,

resulting in an increase in the information density on that chart.
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Rwys 19L/R: Standard with minimum dimb of 360' per NM
to 7000'.

DEPARTURE ROUTE DESCRIPTION

S

S

TAKE-OFF RUNWAYS I R: Climb via heading 010* to 2500, then climbing right turn via
heading 050*, thence
TAKE-OFF RUNWAYS 7/R: Climb via heading 075*, thence ....
TAKE-OFF RUNWAYS 19L/R: Climb via heading 190* until LAS VORTAC 3 DME, then right
turn via heading 220*, thence ....
TAKE-OFF RUNWAYS 25L/R: Climb via heading 255* until LAS VORTAC 3 DME, then left
turn via heading 190*, thence ....
.... via radar vector to transition or assigned route, maintain 7000', expect clearance to filed
altitude two minutes after departure.
LOST COMMUNICATIONS: If no contact with ATC upon reaching 7000', proceed direct BLD
VORTAC then climb in BLD VORTAC holding pattern to appropriate MEA for route of flight.

DOVE CREEK TRANSITION (LAS3.DVC): From over TRALR INT via LAS R-066 to NICLE INT,
then via PGA R-234 to PGA VOR/DME, then via PGA R-053 and DVC R-233 to
DVC VORTAC.

LAS VEGAS THREE DEPARTURE
(LAS3.LAS) 09351

LAS VEGAS, NEVADA
LASVEGAS/MC CARRAN INTL (LAS'

(AS3.LAS) 09351

LAS VEGAS THREE DEPARTURE
SL-662 (FA

LAS VEGAS/MC CARRAN INTL (LAS)
LAS VEGAS, NEVADA

TAKE-OFF OBSTACLE NOTES
RWY IL Multiple buildings 3954' from DER, 1 NMleft of centerline, up to 283' AGL/2409' MSL

Pole 450' from DER, 283' left of centerline, 38' AGI/2118' MSL
Obstacle light on wind sock 248' from DER, 224' right of centerline, 50' AGL/2104' MSL
Pole 1029' from DER, 715' left of centerline, 85' AGL/2124' MSL
Tree 1536' from DER, 502' left of centerline, 100' AGL/2132' MSL

RWY 1R: Sign 1331' from DER, 448' right of centerline, 60' AGL/2120' MSL
Building 599' from DER, 541' right of centerline, 70' AGL/2096' MSL
Multiple buildings 4878' from DER, 1.2 NM left of centerline, up to 283' AGL/2409' MSL

RWY 25R: Light pole 3115' from DER, 1033' right of centerline, 109' AGL/2301'MSL
Light on pole 1.5 NM from DER, 2836' left of centerline, 124' AGI/2457' MSL
Rood 1.7 NM from DER, 2965' left of centerline, 139' AGL/2469' MSL
Light on pole 1100' from DER, 508' left of centerline, 47' AGL/2226' MSL
Building 1822' from DER, 652' left of centerline, 46' AGL/2238' MSL
Building 2202' from DER, 596' left of centerline, 44' AGL/2246' MSL
Rod on building 534' from DER, 369' left of centerline, 33' AGL/2202' MSL
Rood 678' from DER, 16' right of centerline, 35' AGL/2201' MSL
Light on localizer antenna 533' from DER, 32' AGL/2195' MSL

RWY 25L Pole 2860'from DER, 813' leftof centerline, 57' AG/2236'MSL
Sign 3672' from DER, 1302' left of centerline, 57' AGL/2256' MSL
Antenna on building 1002' from DER, 251' left of centerline, 34' AGL/2183' MSL
Pole 3677' from DER, 145' left of centerline, 67' AGI/2249' MSL

RWY 7.: Tree 1257' From DER, 789' left of centerline, 85' AGL/2077' MSL
Light pole 747' from DER, 441' right of centerline, 62' AGL/2057' MSL
Tree 1007' from DER, 557' right of centerline, 70' AGL/2062' MSL

RWY 7R: Light on wind sock 102' from DER, 300' right of centerline, 30' AGL/2051' MSL.

RWY 19L- Pole 1394' from DER, 533' right of centerline, 36' AGL/2236' MSL
Sign 2181' from DER, 1062' right of cenerline, 50' AGL/2256' MSL
Rod on building 2921 from DER 581' right of centerne 50'AGL/2262'MSL
Pole 2633' From DER, 319' right oif centerine, 40' AGL/2246' MSL

RWY 19R: Pole 1135' from DER, 619' right of centerline, 65' AGL/2249' MSL
Pole 756'from DER, 618' right of centerline, 50' AGL/2231' MSL
Si 2182' from DER, 125' r ht of centerline, 50' AGL/2256' MSL
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2.1.3 RNA V Standard Terminal Arrival (STAR) Charts

STARs are designed as a parallel to SIDs in that they provide a transition from en route

environment to the airport environment. Though SIDs enable aircraft to fly from the airport

environment to the enroute structure, STARs start from the en route structure and end at a

navigation aid or a fix designated by ATC (not the airport environment). Typically, an IAP is

flown to guide the aircraft to enter the airport environment.

Both STARs and SIDs reduce pilot-controller workload by minimizing required

communication between pilot and ATC. Sine the RNAV SIDs and STARs are primarily

designed by the ATC facility familiar with the area they often look alike and contain similar

information.

Figure 9 shows the KRANN ONE arrival into Boston, MA, as an example RNAV STAR. Similar

to RNAV SID, RNAV STAR contains a graphical description of the route depicted by

waypoints, headings, distances, and altitude and speed constraints. Like SIDs, STARs are

not charted to scale. Typically, STARs also depict holding patterns (# 7 of Figure 9). A pilot

will enter a holding pattern if s/he reaches a clearance limit before receiving a further

clearance from ATC on the procedure. Each holding pattern will typically depict a series of

elements required to fly the hold such as hold fix, direction to and from fix, course or radial,

route from which the aircraft is expected to hold.

In addition to the graphical description of the route, RNAV STARs also contain various

textual notes related to the procedure. The arrival chart contains a Route Description (# 10

of Figure 9), which describes the graphically charted route in textual format. A General

Notes section (# 6 of Figure 9) is also included in the description of STARs to describe

equipment and avionics requirements for the procedure. Typically, STARs also contains a

section on lost communication procedures, which are included when obstacle clearance is

needed to descend safely to the final waypoint without communication with ATC.
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(NARRATIVE ON FOLLOWING PAGE)

NE-1 08 MA 2 to 06 APR 212

0Z R 0z
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NE-1, 08 LIAR 2012tW 06 AMR 2012

Waypoint name communication Chart coverage sate
frequencies

0 Altitude constraint General notes QArrival route description

Heading and distance Holding pattern
between waypoints

Minimum enroute Procedure title and airport

altitude information

Figure 9. KRANN ONE arrival, Boston, Massachusetts, shown as an example of an RNAV STAR.
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Figure 10 shows an example of a conventional arrival procedure to Boston Logan Airport

(BOS) for comparison with RNAV STAR described in Figure 9. Both example procedures are

currently being used at BOS. As seen from Figure 9, RNAV STARs are more accurately

defined compared to conventional STARs using higher number of constraints such as

altitude and speed constraints. Similar to conventional SIDS, conventional STARs also

depict information regarding the ground based navigation aids.

Similar to RNAV SIDs, RNAV STARs are also designed to reduce ATC vectoring and

transmissions by taking advantage of the RNAV capability. Due to this, routes are clearly

defined in the published procedure beginning from enroute structure to the airport

environment as shown in Figure 9. On the contrary, conventional procedures have much

shorter routes and rely heavily on ATC vectoring to descend to the airport environment as

indicated in Figure 10.
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2.1.4 Chart Manufacturers

Currently, there are two primary chart manufacturers in the United States that publish and

distribute instrument procedures in both paper and electronic format. This section will

focus on the manufacturers of the two most commonly used charts: FAA AeroNav Products

and Jeppesen. The purpose of this section in particular is to describe the various charting

techniques implemented by both chart manufacturers to depict complex procedure

information.

Figure 11 below illustrate an example of a jeppesen approach chart into Bozeman Airport.

For comparison, Figure 12 shows an example of an approach chart into Bozeman Airport

designed by FAA AeroNav. Both charts are reduced to 60% of their original sizes. As seen

from the figures, Jeppesen and FAA AeroNav chart manufacturers present the same

underlying procedure in the charts. However, the techniques implemented to depict the

information on the chart differ.

Both FAA and Jeppesen utilize a standard one-page format that is approximately 5" x 8" to

depict approach procedures. The various sections of the chart, such as the briefing strip,

plan view, vertical profile (described in detail in Section 2.1.1), are essentially the same for

both charts. For departure procedures however, Jeppesen also uses a strip to depict

communication frequencies, equipment requirements, airport elevation and transition

altitude, while FAA AeroNav does not (Figure 7). Other differences include usage of various

chart sizes and number of pages.

The size for both FAA and Jeppesen instrument procedure charts are approximately 5" x 8".

However, Jeppesen typically uses "fold-out" charts that are twice the size of a standard

chart, roughly 8 " x 11" for charts that are highly complex. The larger chart size can be

beneficial at airports where high levels of terrain or additional procedural information

needs to be depicted such as the approach chart used at Bozeman Airport (Figure 11) or the

departure chart used at Las Vegas (Figure 13). Additional space gained in increasing the

chart size can enable procedures with high information density to be depicted more clearly.

The number of pages is also a factor in the design of the charts. Typically FAA charts depict

arrival and departure procedures in two pages. One page contains the graphical description

of the route, while the second page contains textual information that did not fit on the first

page around the graphic. jeppesen charts, however, depict both graphical and textual
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information on one page (while increasing size if necessary). Both FAA and Jeppesen

typically depict approach procedures on one page. Approach procedure at Boise was one

exception to this norm for Jeppesen charts as the procedure was too complex to depict on

only on page. Thus, Jeppesen created a second chart with a zoomed in version of the

cluttered region to depict the cluttered region more clearly.

FAA chart manufacturing process does not allow for making use of options such as foldouts

and increase in chart size. Though techniques including foldouts, increase in chart size and

increase in number of pages allow for information to be depicted more clearly by making

use of the additional white space gained, they also hold several disadvantages. One

disadvantage includes increase in production costs. PARC Charting WG also mentions that

these techniques are generally not favored by pilots due to difficulty in managing increased

size charts or higher number of pages per chart in the flight deck [PARC, 2009].
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Figure 11. An example of Jeppesen IAP chart into Bozeman Airport

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011

Figure reduced to for illustrative purposes only (60 percent of original size)
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Figure 12.An example of FAA IAP chart into Bozeman Airport.

Figure reduced for illustrative purposes only (60 percent of original size)
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2.2 Previous Studies on Chart Design

The format of instrument procedure charts, particularly IAPs, has evolved through chart

manufacturers, human factors studies and organized industry group committees. A number

of studies have been conducted by Volpe National Transportation System Center (VNTSC) to

evaluate IAP chart design in order to improve the readability of critical procedure

navigation and communication information. Multer, Warner, DiSario, and Huntley (1991)

examined different methods of presenting the final approach course and communication

frequencies. They improved the final approach course by applying graphical techniques

such as bolding, boxing [Multer et al, (1991)]

Osborne and Huntley (1992) conducted an experiment to examine the depiction of missed

approach procedure information. They varied the amount of information depicted through

the use of icons and textual instructions on prototyped charts and compared it against the

charts being used in the industry. They used information retrieval performance in terms of

speed and accuracy and found that accuracy was worse for instructions with high

information content [Osborne et al., (1992)]

Mangold, Eldredge, and Lauber (1992) also reviewed human factors, cartography, chart

design literature for efficient information depiction and display. The handbook developed

by Mangnold et al., is viewed as one of the primary sources for cartography information in

the development of IAPs (Osbourne, Huntley, Turner and Donovan, 1995). The handbook

identifies the issues encountered by pilots while using charts. Such issues include

insufficient lighting, vibration, and turbulence. They also identified the criticality of the

approach phase of flight, and the importance of obtaining information quickly and

accurately in that phase of flight [Mangold et al., (1992)].

Osbourne, Huntley, Turner and Donovan (1995) conducted a study to examine the briefing

strip, which is a strip of information that includes missed approach procedure,

communication, and navigation equipment (#1 in Figure 4). They created prototyped

charts that included the briefing strip and compared the pilot performance with the charts

being used in the industry. The pilot performance was measured using the speed and

accuracy with which the pilots retrieved information. In addition, surveys were conducted

in this study to understand pilot preference between prototyped charts and charts being

used in the industry [Osbourne et. al., (1995)].
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Based on the studies conducted by Mutler et al. (1991), Osbourne et al. (1992), Mangold et

al. (1992), Osbourne at al. (1995), another study by VNTSC was conducted by Blomberg,

Bishop, and Hamilton (1995) to examine the pilot performance of a prototyped chart that

included all of the chart features studied thus far related to IAPs. Two prototype charts

were created which included briefing strip, approach lighting information, missed approach

icons, etc. The pilot's opinions regarding the two prototypes and the current Jeppesen chart

were recorded and compared. The findings from the study contributed to the inclusion of

the briefing strip and missed approach icons on the currently lAP charts [Osbourne et. al.,

(1995)].

Another study was conducted by Mykityshyn and Hansman (1991) to examine

electronically based IAPs (EIAP). The study noted that IAP designs were "too cluttered"

making information retrieval for pilots difficult and EIAPs would allow the selection of

required information and de-clutter information. The authors conducted an experiment

where they compared information retrieval performance of licensed pilots between three

experimental IAP charts (Paper, Monochrome and Color) and three EIAP prototyped charts

(Static, Moving maps and EFIS Integrated). Pilots preferred Color IAP charts and also

preferred the prototyped information selection and de-cluttering capability to the

alternatives. However, information retrieval performance observed in the study showed no

significance difference between the three IAP charts and the three EIAPs used in the

experiment [Mykityshn et. al., (1991)].

Ricks, Jonsson, and Barry (1996) from NASA conducted a study to determine 1) what types

of information were acquired during the approach phase of flight, 2) when in the approach

was the information acquired and 3) how these information types should be depicted to

augment pilot performance. Ricks et al., performed psychometric scaling techniques and a

simulation task to examine the link between pilots' cognitive representation of approach

information and their use of the depicted information. Primary findings from the study

were that pilots appear to mentally organize information depicted on the approach chart

into several specific categories. These categories were later utilized to determine the

structure of in the instrument approach procedure chart [Ricks et al., (1996)].

Though IAP chart design has been extensively studied, limited documented human factors

studies associated with SIDs and STARs are existent. One reason for this is because SIDs

and STARs were developed years after the successful implementation of IAPs. The SIDs and
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STARs were primarily developed to expedite ATC procedures and facilitated transition

between the enroute and terminal area to accommodate the increase in traffic.

Barhydt and Adams (2006a) from NASA Langley discussed the need for development of

human factors guidelines for the design of RNAV SIDs and STARs. Barhydt and Adams

identified chart clutter resulting from multiple paths as one of the primary concerns in

charting of RNAV STARs and SIDs. Barhydt and Adams (2006b) also reviewed Aviation

Safety Reporting System (ASRS) database for operational issues related to RNAV arrivals

and departures. They reviewed 124 reports filed between 2000 and mid-2005. Primary

findings suggested the need for specific design guidelines for both procedure design and

charting [Barhydt et. al., (2006a)].

2.3 Analysis of Safety Reports Related to RNAV and RNP
Procedures3

Butchibabu, Midkiff, Kendra, Hansman and Chandra in 2010 updated the analysis

performed by Barhydt and Adams (2006b) with a higher number of recent ASRS reports,

while outlining detailed human factors issues [Butchibabu et al., 2010]. The goal of the

analysis was to understand what performance issues were due to procedure design and

charting. The details of this analysis are explained in this section.

2.3.1 Method

Safety reports of interest were identified from the public Aviation Safety Reporting System

(ASRS) database. The database contains voluntary self-reported descriptions of actual

violation or a "near violation" (i.e., a violation that almost occurred) of a requirement (e.g.,

an altitude clearance, or published heading for a departure or arrival procedure) typically

submitted by pilots. These reports in the database can be searched in a flexible,

customizable way. There are limitations to the data contained in ASRS reports, which are

described online (http://asrs.arc.nasa.gov/). Because of the self-reporting nature of ASRS,

reports may contain subjective biases.

3 The published report is shown Appendix A.
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The following fields were specified in the ASRS database in order to identify relevant

reports Date of Incident, Keyword, Event Anomaly, and Flight Phase. The date of incident

was specified from 2004 to mid-2009. The following keywords were included in the search

query: RNAV, RNP, Chart, Approach, SID, STAR, DP, IAF, FAF. Event anomaly was specified

to: Airspace Violation, ATC issues, Conflict (airborne, NMAC), Deviation - Altitude, Deviation

- Procedural, Deviation - Speed, Deviation - Track/Heading, and Flight Phase was specified

to: Takeoff, Initial climb, Climb, Descent, Initial Approach, Final Approach, Landing.

A total set of 285 relevant ASRS reports was reviewed to identify human factors issues

related to RNAV procedures. Out of 285 reports, 202 were related to RNAV SIDs, 69 were

related to RNAV STARs, and 14 were related to RNAV (GPS) approach procedures. No

RNAV (RNP) approach procedures were found in the database as they were not full

implemented when the reports were extracted in 2009.

Two researchers reviewed the subjective narrative section of each ASRS report

independently. The reviewers determined whether the flight deviation that occurred was in

the Lateral, Vertical, or Speed domain(s). Lateral issues included deviations in track or

heading. Vertical issues pertain to altitude deviations. Reviewers could assign more than

one domain to a given report if multiple deviations occurred. The reviewers also iteratively

created a list of recurring problems that contributed to the event.

2.3.2 Results

Overall results showed that deviations in the lateral channel were common in ASRS reports

related to RNAV departures. Approximately 87% of 202 RNAV departures-related reports

had deviations in the lateral channel. For RNAV arrivals and RNAV approaches, common

deviations were in the vertical channel. Approximately 43% of 69 RNAV arrivals-related

reports and 86% of 14 RNAV approach-related reports indicated altitude deviations as

shown in Figure 15.
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Figure 15. Deviations reported for each procedure type

The list of recurring issues identified for RNAV departures and RNAV arrivals are presented

in Figure 16 and Figure 17. Recurring issues related to RNAV approach procedures were

not identified due to the low number of procedures that were identified in the database. As

mentioned earlier, the most frequent issue with departures was related to flight

track/heading, that is, the lateral domain. Figure 16 shows a histogram of departure

procedures issues. Four issues were categorized: ATC Direct To and Resume, Climb Direct,

Dropped Transition Waypoints, and Chart & Procedure Design.
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As seen from Figure 16, approximately 28% of RNAV departure-related reports had issues

with chart and procedure design. These issues included pilot deviations related to

procedure elements depicted on the chart. Appendix A outlines details related to the other

recurring issues encountered in the reports such as ATC Direct To and Resume, Climb Direct

and Dropped Transition Waypoints.
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Figure 17. Recurring issues identified for RNAV arrival procedures
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The most common issue for arrival procedures -related reports were due to Chart and

Procedure Design. Approximately 30% of these reports were related to Chart and Procedure

Design as shown in Figure 17. Other recurring issues encountered include Descend Via and

Clearance Amendments and NOTAMS. These issues are further discussed in the published

report shown in Appendix A.

Overall, the ASRS analysis found that 59 out of the 285 ASRS reports were related to Chart

and Procedure Design issues. However, due to the many limitation associated with the ASRS

data discussed above, it was difficult to conclude whether the reports were due to the

depiction of the procedure (chart design) or the underlying construction of the procedure

(procedure design). Thus, in order to understand charting attributes contributing to

operational issues, each chart identified the ASRS may need to be further examined and

compared against a pool of charts without operational issues.

2.4 Summary

RNAV SIDs and STARs and RNAV (RNP) IAPs contain more strictly defined paths than

conventional procedures. To clearly define these paths, more information such as

waypoints, altitude constraints, and headings has to be shown on the chart for each path in

the procedure. Several charting techniques have been implemented to depict information

more clearly by chart manufacturers as discussed in Section 2.1.4.

In addition, extensive research has been conducted on the depiction of conventional IAPs.

However, limited documented research on the depiction of advanced PBN procedures

exists. Recent industry committee discussions have raised concerns that there is high

information density and clutter on these charts. Research by Barhydt et al. (2006) and

Butchibabu et al. (2010) has emphasized the need for evaluating the chart design of these

procedures contributing to operational safety issues reported in the ASRS database.

Specifically, there is a need to understand what specific procedure elements contribute to

the high information density and chart clutter. This is further reviewed in Chapter 3.
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Chapter 3

RNAV and RNP Chart Review
In order to objectively identify the procedure variables contributing to operational issues,

identified RNAV and RNP procedures that are problematic were reviewed and compared

with those that were not problematic. The method used to identify problematic and

baseline procedures, and procedure variables used for the comparative analysis are

described in Section 3.1 below. Results of the analyses and details about how specific

procedures were selected for the review are presented in Sections 3.2, 3.3 and 3.4, which

address approach, departure, and arrival procedures respectively. A summary and

conclusions of the chart review study are provided in Section 3.5.

3.1 Method

In order to objectively identify the specific procedure variables contributing to operational

issues, the following four steps were conducted:

First, for each procedure type (i.e., approaches, departures and arrivals), a group of

"Problematic" charts were established for which operational issues were identified. For

RNAV departures and arrivals, the charts were identified based on the procedures that were

reported in the ASRS reports collected for the analysis described in Section 2.3. However,

RNAV (RNP) approach procedures were not fully implemented when the ASRS analysis was

conducted in 2009. Thus, the ASRS reports were not used as a source to find Problematic

RNAV (RNP) approach procedures. Instead, the Problematic charts identified by industry

technical and operational committees were used for approach procedures (Appendix B1

and Appendix B2). Detailed list of airports are described in section 3.2.1, 3.3.1, and 3.4.1 for

approach, departure and arrival procedures, respectively.

Second, a group of "baseline" procedures were also identified for each procedure type. The

Baseline group was comprised of 35 commercial airports in the United States with
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significant activity, called Operational Evolution Partnership (OEP) airports listed in the

2010 MITRE Center for Advanced Aviation Systems Development (CAASD) PBN capability

report. If the procedure was already in the Problematic group, it was excluded from the

Baseline group.

Third, variables for each procedure type were determined based on an initial inventory of

charts. Table 1, Table 4, and Table 7 show the variables reviewed for approach, departure,

and arrival procedures, respectively.

Fourth, a comparative analysis was conducted between Problematic and Baseline charts.

United States (US) government charts developed by FAA AeroNav Products were used for

this comparative analysis. Although the charts differ between FAA AeroNav and Jeppesen in

terms of their graphic design, both chart conventions show the same fundamental

procedure design information, and thus, the analysis should be representative of Jeppesen

chart versions.

The final set of charts reviewed includes 63 RNAV (RNP) approaches (18 Problematic and

45 Baseline), 52 RNAV departures (37 Problematic and 15 Baseline), and 54 RNAV arrivals

(34 Problematic and 20 Baseline). A list of airports from which the charts were extracted

are show in Table 3, Table 6, and Table 9 (for approaches, departures and arrivals,

respectively). A complete list of the charts analyzed is provided in Appendix C. All selected

procedures were current as of January 12, 2012.

3.2 Approach Procedures

3.2.1 Overview

A total of 13 procedure variables were identified and reviewed for approach procedures.

Two variables, number of paths and number of IFs were reviewed per procedure, while all

other variables were recorded per path. Table 2 shows a data sample for an example

approach procedure at Boise Airport depicted in Figure 18 for each procedure variable

shown in Table 1.
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Table 1. List of procedure variables used for approach procedures in the chart review

Approaches (13 Variables)

Recorded per procedure

Recorded per path

Paths

IFs

Waypoints from IAF to MAP

RF legs

Altitude constraints

RF legs for missed approach procedure

Waypoints between IF to FAF

Distance from IF to FAF

Distance between waypoints from IF and FAF

Waypoints between FAF to runway

Distance from FAF to runway

Waypoints in the Missed Approach Procedure

Type of fix from which vertical profile begins (IAF/IF/FAF)

Table 2. Data sample for an example approach procedure

Airport BOI (Boise, Idaho)

Procedure name RNAV (RNP) Z RWY 28L

Number of Paths 8

Number of IFs 5
Number of segments in
the MAP

Number of RF legs in
MAP 0

IAF names RENOL PARMO CADKI UTEGE EREXE CANEK BANGS EMETT

Number of waypoints 5 6 6 8 8 7 9 9from IAF to Runway

Number of waypoints 3 4 4 5 5 5 5 6between IF to FAF

Number of RF legs from 1 2 2 1 0 0 2 3IAF to Runway

Distance from IF to FAF 8.5 14.9 14.9 10 10 10 15.6 20.6

Number of waypoints 0 0 0 0 0 0 0 0
between FAF to runway

Distance from FAF to 3 3 3 3 3 3 3 3runway

Number of altitude 0 0 0 0 0 0 0 0constraints

Vertical profile starts with FAF FAF FAF FAF FAF FAF FAF FAF
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A total of 18 Problematic and 45 Baseline RNAV (RNP) AR approach procedures were

analyzed. Airports from which these procedures were studied are shown in Table 3. The

individual procedures names analyzed for each airport are shown in Appendix C. As

mentioned previously, the Problematic group of approach procedure was identified based

on the concerns raised in industry-organized groups such as Aeronautical Charting Forum

(ACF) and the PARC RNP Charting Working Group [ACF 09-02-220, 2009]. PARC RNP

Charting WG specifically focused on issues with approach procedures at locations such as

Boise, Idaho and Raleigh-Durham, North Carolina. 4

The Baseline group was comprised of all procedure from the top 35 OEP airports. Note that

not all OEP airports have published RNP AR approaches, thus there are not 35 airports in

the Baseline Airport list. The two groups of procedures analyzed are shown in the Table 3.

Table 3. List of airports analyzed for approach procedures

Problematic (6 airports) Baseline (12 Airports)
Scottsdale (SDL) Atlanta (ATL)

Boise (BOI) Baltimore-Washington (BWI)
Palm Springs (PSP) Cincinnati-Covington (CVG)
Rifle, Colorado (RIL) Washington National (DCA)

Bozeman, Montana (BZN) Dallas-Fort Worth (DFW)
Lewiston, Montana (LWS) Washington Dulles (IAD)

Fort Lauderdale (FLL)
La Guardia (LGA)

Chicago Midway (MDW)
Miami (MIA)

San Francisco (SFO)
Tampa (TPA)

3.2.2 Results

Figure 19 shows an overview of the analysis between procedures from the Baseline group

and the Problematic group. Comparisons between Problematic and Baseline groups were

made using independent sample two tailed t-tests with a 95% confidence interval (a =

0.05).

4 Raleigh-Durham was not included in the Problematic group as it was later simplified as a result of the
PARC RNP Working Group recommendations.
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Number of paths per procedure (number of IAFs)*

Number of waypoints per path*

Number of RF Legs per path*

Number of IF per procedure

Number of altitude constraints per path ()

Number of waypoints between IF and FAF per path

Number of waypoints between FAF and runway per
procedure

Number of waypoints in the Missed Approach Procedure
per Procedure Baseline

Number of RF Legs for the Missed Approach Procedure Problematic

Nautical Miles
0 2 4 6 8 10 12

Distance from IF to FAF per path

Distance between waypoints from IF to FAF (b)
Baseline

Distance from FAF to runway per procedure Problematic

Figure 19. List of procedure elements comparing approaches at Baseline Airports and Problematic
Airports A) shows the average number of procedure elements B) shows the procedure elements

related to distance

*Statistically significant for 95% confidence (a = 0.05)

According to the analysis, the Problematic group differed from the Baseline group in four

primary ways. First, Problematic approaches have a significantly higher number of IAFs,

than the Baseline approaches (t (16) = 3.37, p < 0.05). For the Problematic group, the mean

number of IAFs is 4.1 compared with 1.6 for the Baseline group. Specific averages for each

airport are shown in Figure 20. The multiple flight paths may be directly related to the

increased information depicted on the chart. This may correlate with the high levels of

visual clutter on the planview, because the size of the planview is fixed (unless the physical

size of the paper is increased).
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Figure 20. Average number of paths shown for individual airports categorized by Baseline and
Problematic.

Second, the analysis showed that when the approach procedure had single path, the profile

view information began from the IAF. However, in cases where there were multiple IFs, the

procedure showed the altitude profile beginning from the FAF. Figure 21 shows the key

procedure fixes (IAF, IF or FAF) from which the vertical profile view begins for each

individual airport. The shaded region in the figure indicates that some procedures have

profile views starting from either the beginning of the shaded region or the beginning of the

boldly colored region. For example, Lewiston airport (LWS) contains some procedures with

profile views beginning from IF and some procedures with profile views beginning from

FAF. As observed from Figure 21, it is common for RNAV (RNP) procedures to begin from

IF, unlike conventional procedures, which typically begins from IAF (described in Chapter

2). However, there are multiple Problematic approach procedures that begin from FAF as

these procedures have multiple IFs.
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Figure 21. Vertical profile starting fix is shown for individual airport
categorized by Problematic Group and Baseline Group. The shaded

region shows the range of profile views at the airport

Third, the approaches in the Problematic group has a significantly higher average number

of waypoints per path compared to the approaches in the Baseline Group. The Problematic

group on average has 6.33 waypoints per path compared to 3.8 waypoints per path for the

Baseline group (t (16) = 6.84, p < 0.01). The procedures in the Problematic group have a

higher number of waypoints compared to any of the procedures in the Baseline group,

according to the averages for individual airports shown in Figure 22. An increased number

of waypoints could mean a higher number of heading and/or altitude changes resulting in

increased information density per path. In addition, pilot workload might be increased

because the pilot must monitor all waypoints.
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Figure 22. Average number of waypoints per path from IAF to MAP per Airport is shown for
Baseline and Problematic Airports.

Finally, the procedures in the Problematic groups have a significantly higher number of RF

legs compared to the approach procedures in the Baseline group. On average, the

procedures in the Problematic group have 3.7 RF legs per path, while the approaches in the

Baseline group have 0.4 RF legs per path (t (16) =4.4, p < 0.01) as shown in Figure 23.
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Figure 23. Average number of RF legs per path are shown for individual Baseline and Problematic
Airports

In addition to the four primary differences between Problematic group and Baseline group

described above, there are other weaker trends that can be observed between the

Problematic and Baseline groups of approach procedures. The statistical significance for

these variables pass the 90% confidence interval (a = 0.1) as opposed to the 95%

confidence seen in the four primary trends discussed above. .

First, average number of waypoints for the missed approach procedures per airport is

generally higher for the Problematic group compared to the Baseline group as shown in

Figure 24. The means are 2.94 segments and 1.8 segments for Problematic group and

Baseline group, respectively (t (16)= 2.35, p < 0.1). Second, average number of RF legs for

the missed approach procedures is 1.0 for Problematic group, which is also higher

compared to the 0.1 for Baseline Group (t(16) =2.06, p < 0.1) as shown in Figure 25. Both

trends mentioned can contribute to chart clutter and procedure complexity for missed

approach procedures.
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Finally, the average number of waypoints between IF and FAF per path is higher for

Problematic group compared to Baseline group, as shown in Figure 26. The mean number

of waypoints between IF and FAF are 0.5 and 1.86, for the Baseline group and Problematic

group, respectively (t (16) = 2.55, p < 0.1). As mentioned, the overall number of waypoints

per path is significantly higher for the Problematic approaches compared to Baseline

approaches. However, it is important to highlight that this trend exists specifically for

waypoints between IF and FAF as there may be increased number of heading and/or

altitude changes further into the approach (because waypoints are required at these

transition points). This, again, can induce higher pilot workload, as the pilots are required

to monitoring these waypoints at more critical phases of the approach procedure.

Baseline Airports

0

a.
LA
0.LA

Problematic Airports

Figure 26. Average number of waypoints between IF and FAF per procedure is shown for
individual airports categorized by Baseline and Problematic
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3.3 Departure Procedures

3.3.1 Overview

A total of 11 procedure variables were identified and reviewed for departure procedures.

Number of Paths was analyzed per procedure, while all other variables were analyzed per

path. Table 5 shows a data sample for an example departure procedure at Atlanta Airport

(Figure 27) for each variable shown in Table 4.

Table 4. List of procedure variables used for departure procedures in the chart review

Departures (11 Variables)
Recorded per procedure Paths

'at or above' altitudes

'at or below' altitudes

'mandatory' altitudes

Minimum Enroute Altitudes (MEA)
Minimum Obstacle Clearance Altitude (MOCA)
'ATC expect' altitudes
Speed restrictions
Waypoints

Overall distance
Distance between waypoints

Table 5. Data sample for an example departure procedure

Airport ATL (Atlanta)
Procedure name BRAVS FIVE

Number of paths 10

Flight path names 8L 8R 9L 9R 10 26L 26R 27L 27R 28

At or above altitude 1 1 1 1 1 1 1 1 1 1
Mandatory altitude 0 0 0 0 0 0 0 0 0 0
At or below altitude 0 0 0 0 0 0 0 0 0 0
MEA 1 1 1 1 1 1 1 1 1 0
MOCA 1 1 1 1 1 1 1 1 1 0
'ATC Expect' altitudes 0 0 0 0 0 0 0 0 0 0

Speed restriction 0 0 1 1 1 0 0 1 1 1
Number of heading 7 7 5 5 6 7 7 4 4 5
changes

Total flight path length 97 97 74 74 76 105 105 82 82 81

Mean distance 19 19 25 25 19 21 21 41 41 27
overall/waypoint
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(BRAVS6.BRAVS) 11293 ATLANTA/ HARTSFIELD-JACKSON ATLANTA INTL (ATL)

BRAVS SIX DEPARTURE (RNAV) SL-26 (FAA) ATLANTA, GEORGIA

ATIS DEP 125.55
CLNC DEL 118.1
GND CON
121.9 381.6 (Rwys 8L-26R, 8R-26L)
121.75 381.6 (Rwys 9L-27R, 9R-27L)
121.65 381.6 (Rwy 10-28)
ATLANTA TOWER
119.1 381.6 (Rwy8L-26R)
125.325 381.6 (Rwy8R-26L)
119.3 381.6 (Rwy9R-27L)
123.85 381.6 ( Rwy 9L-27R)
119.5 381.6 (Rwy 10-28)
ATLANTA DEP CON
125.7 (Rwys 8L-26R, 8R-26L)
125.65 (Rwys 9L-27R, 9R-27L)
135.375 (Rwy 10-28)

TAKEOFF MINIMUMS:
Rwys 8L, 8R, 9L, 9R, 10, 26L, 26R, 28, Standard with
minimum climb of 500' per NM to 1527.
Rwys 27L, 27R, Standard with minimum climb
of 500' per NM to 1900.

GRITZ

ZALLE
ointain 250
S until ZALLE HYZMN

(ATC) Maintain 250
KIAS until HYZMN o

0 (ATC) Mc _

NOFOR

NOTE: If unable to accept climb rate, l3jo
advise ATC on initial contact. (3

NOTE: Use departure frequency depicted )
unless otherwise assigned.

NOTE: Accelerate to 250 KIAS, if unable, advise ATC.
NOTE: For Turbojets only.
NOTE: DME/DME/IRU or GPS Required.
NOTE: RNAV 1.
NOTE: RADAR Required for non-GPS equipped aircraft.
NOTE: Transponder code will be issued via PDC or Atlanta clearance delivery.
NOTE: Midfield aircraft at Ramps 1, 2, 3, 4, 5, and 6 will advise Ramp Towers

of Departure SID prior to pushback.
Upon receipt of ATC clearance (from ATL Clearance Delivery), readback
only your call sign and transponder code, unless you have a question.

BRAVS

WALET

(Continued on next page) NOTE: Chart not to scale

BRAVS SIX DEPARTURE (RNAV)
(BRAVS6.BRAVS) 11293 A

ATLANTA, GEORGIA

JLANTA/HARTSFIELD-JACKSON ATLANTA INTL (ATL)

Figure 27. Example RNAV departure procedure at Atlanta Airport
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A total of 37 Problematic and 15 Baseline RNAV departure procedures were analyzed. The

airports analyzed for this review are shown in Table 6, and the individual procedure names

from each airport are show in Appendix C. Problematic group was identified based on

results of the ASRS analysis [Butchibabu, et al., (2010)]. For comparison, the Baseline group

consisted of two RNAV departures selected at random from each of the top 35 OEP airports.

Some airports such as JFK and CLE had only one RNAV departure.

Table 6. List of airports analyzed for departure procedures

Problematic (10 Airports) Baseline (11 Airports)
Atlanta (ATL) Cleveland-Hopkins (CLE)
Boston (BOS) Cincinnati-Covington (CVG)

Baltimore/Washington (BWI) Newark (EWR)
Dallas-Fort Worth (DFW) Fort Lauderdale (FLL)
Washington Dulles (IAD) Dallas-Fort Worth (DFW)

Las Vegas (LAS) George Bush Intercontinental /Houston (IAD)
Los Angeles (LAX) John F. Kennedy (JFK)

Miami (MIA) La Guardia (LGA)
Seattle (SEA) Phoenix (PHX)

Salt Lake City (SLC) San Diego (SAN)
Tampa (TPA)

3.3.2 Results

Figure 28 shows an overview of the comparison between departures from the Baseline

group and the Problematic group.
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Figure 28. List of procedure elements comparing departures at Baseline Airports and Problematic
Airports A) shows the average number of procedure elements B) and C) shows the procedure

elements related to distance

*Statistically significant for 95% confidence (a = 0.05)

As shown in the Figure 28, one key difference between Problematic group and Baseline

group is the average number of paths per procedure compared to Baseline group. Figure 29

shows the individual airport averages for the number of paths shown per procedure. As

shown, the average number of paths per procedure is significantly higher for the

Problematic group (approximately 14.4) compared to Baseline group (approximately 5.0) (t

(19) = 2.12, P < 0.05).
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The number of paths for a departure procedure is recorded as the number of possible

combinations an airplane can fly a path which is based on the number of entry and exit

points in that procedure. This may not necessarily be the number of paths graphically

depicted on the page. For example, the LEETZ TWO departure at SLC, shown in Figure 30,

graphically depicts five paths to the final transitions (exit points). However, due to the

initial three runway end points (entry points) of the procedure, the total number of paths

recorded for the procedure is fifteen. There is more information shown on the charts of

procedures with many flight paths than on procedures with few flight paths.

3.4 Arrival Procedures

3.4.1 Overview

A total of 11 procedure variables were identified and reviewed for arrival procedures.

Table 8 shows sample data for an example departure procedure at DCA (Figure 31) for each

variable shown in Table 7. The average number of paths was analyzed per procedure, while

all other variables were analyzed per path. As mentioned before, arrival procedures were

analyzed similar to the departure procedures. The set of procedure variables for arrival

procedures is the same as departure procedure variables with the addition of number of

holding points per path.

Table 7. List of procedure variables used for arrival procedures in the chart review

Arrivals (12 Variables)

Recorded per procedure Paths
'at or above' altitudes
'at or below' altitudes
'mandatory'altitudes

Minimum Enroute Altitudes (MEA)

Minimum Obstacle Clearance Altitude (MOCA)
Recorded per path 'ATC expect'altitudes

Speed restrictions
Waypoints

Overall distance

Distance between waypoints

Holding points
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Table 8. Data sample for an example departure procedure

Airport DCA (Washington National)
Procedure name ELDEE FIVE
Total flight paths 3
Total flight path names BKW FIMPA SHAAR
At or above altitude 1 1 2
Mandatory altitude 4 4 4
At or below altitude 0 0 0
MEA 6 7 6
MOCA 0 0 0
ATC expect altitude 2 2 2
Speed restrictions 0 0 0
Number of heading changes 12 12 9
Number of waypoints 17 17 13
Overall distance per path 244 267 145
Distance between waypoints 14.4 15.7 11.2
Holding points 4 4 3
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Figure 31. ELDEE FIVE RNAV arrival at DCA
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Out of 54 total RNAV arrival procedures analyzed, 34 were identified as Problematic and 20

were identified as Baseline. Airport names from which the procedures were analyzed are

shown in Table 9. The process used to select departure procedures was also used to select

arrival procedures. The ASRS reports from Butchibabu, et al. (2010) were use to select

RNAV arrival procedures for the Problematic group. Two arrivals were selected at random

from each of the top 35 OEP airports (MITRE CAASD, 2010) for comparison as the Baseline

group. The titles of all procedures for each airport analyzed are shown in Appendix C.

Table 9. List of airports analyzed for arrival procedures

Problematic (13 Airports) Baseline (11 Airports)
Atlanta (ATL) Cincinnati-Covington (CVG)
Boston (BOS) Houston (HOU)

Baltimore/Washington (BWI) Newark (EWR)
Charlotte (CLT) John F. Kennedy (JFK)

Washington National (DCA) Orlando (MCO)
George Bush Intercontinental/Houston (IAH) Memphis (MEM)

Washington Dulles (IAD) West Palm Beach (PBI)
Las Vegas (LAS) Pittsburg (PIT)
Chicago (ORD) San Diego (SAN)

Philadelphia (PHL) San Francisco (SFO)
Phoenix Sky Harbor (PHX) Tampa (TPA)

Salt Lake City (SLC)
Teterboro (TEB)

3.4.2 Results

The overall comparison between Problematic and Baseline for each procedure variable

analyzed is shown below in Figure 32. Unlike approach and departure procedures, the

analysis showed that the average number of paths per procedure was not a factor for arrival

procedures. However, there are many other variables for arrival procedures that appear to

be statistically significant factors potentially contributing to operationally problematic

charts.

First, the number of altitude constraints per path is significantly higher for the Problematic

group compared to the Baseline group. The total number of altitude constraints, which

includes at or above, at or below, or mandatory altitudes, for arrivals in the Problematic

group is approximately 3.57 while arrivals in the Baseline group have approximately 0.67 (t

(22) = 3.07, P <0.01). This result may be largely due to the increased number of mandatory
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altitude constraints for Problematic group (approximately 2.75) when compared with the

mandatory altitudes for the procedures in the Baseline group (approximately 0.13) (t (22)=

3.25, P < 0.01) as shown in Figure 33.

Number of waypoints per path*

At or Above

Mandatory*

At or Below

Total*

MEA

MOCA

ATC Expect'*

Total

Number of paths per procedure

Number of speed constraints per path

Number of holding points per path

0 2
1 1

4 6 8 10

hw

-1

Baseline

Problematic

Nautical Miles
0 5 10 15

Distance between waypoints per Path

20 25 30

UBaseline
Problematic

Nautical Miles
0 50 100 150 200 250

Distance per path r Baseline
j*Problemaic

Figure 32.. List of chart elements reviewed for arrivals comparing Baseline Group with Problematic
Group A) shows the average number of procedure elements B) and C) show the procedure elements

related to distance

*Statistically significant for 95% confidence (a = 0.05)
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Average: Baseline

Average: Problematic

ZWD cc U 0

Baseline

0

Problematic

Figure 33. Average number of altitude constraints per path is shown for each airport categorized by
Baseline and Problematic.

Second, the average number of 'A TC Expect'altitudes per path was significantly higher for

the Baseline group than the Problematic group, contrary to the results seen with the

altitude constraints. 'ATCExpect'altitudes are depicted on the procedure for pilot planning

purposes. These altitudes are not considered crossing restrictions until verbally issued by

the ATC. The average number of 'A TC Expect'altitude per path is approximately 1.82 for the

Baseline group while it is approximately 0.60 for the Problematic group (t (22)= 3.23, P

<0.01) as shown in Figure 34.

Finally, arrivals in the Problematic group have a significantly higher number of waypoints

per path compared to arrivals in the Baseline group (t22 = 3.60, P < 0.01). The average

number of waypoints per path is 11.4 and 8.6 for the arrivals in the Problematic group and

Baseline group respectively. The average across individual airports is shown in Figure 35.
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Figure 35. Average number of waypoints per path for arrival procedures is shown for each airport in
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3.5 Summary and Conclusions of Chart Review

Sixty-three approach, fifty-two departure, and fifty-four arrival procedures were analyzed.

The procedures were selected based on a combination of industry discussions, ASRS report

frequencies from Butchibabu et al [2010], and the top 35 OEP airports listed in the 2010

MITRE CAASD PBN capability reports.

An analysis of procedure variables was conducted for each individual flight paths. All

procedure variables per path were recorded and compared. Factors that were associated

with high levels of visual clutter included multiple flight paths per page for approach and

departure procedures, and complex altitude constraints for arrivals. Multiple waypoints

per path was also a factor for both arrivals and approaches. In addition, RF legs were an

additional factor contributing to visual clutter for approaches.

Multiple flight paths are typically shown on the chart to depict all possible flight paths

available to the pilot and ATC. However, once ATC has assigned a specific path to the pilot,

all other paths may not need to be depicted unless ATC needs to vector the aircraft to

another path for traffic separation or weather-related issues. Additionally, previous

literature has found that as the amount of "irrelevant" information on display increases,

visual search time to locate the target information also increases [Baker, 1960].

In addition, in cases where there were multiple paths, particularly multiple IFs, the profile

view does not show the complete altitude profile beginning from IF or IAF. Instead, only the

altitude profile for the last common segment was shown in the profile view. This was

because there was not enough space to show multiple altitude profiles corresponding to the

non-common path segments. When there was only one IF or IAF in the procedure, the full

altitude profile beginning from that IF was shown in the profile view.
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Chapter 4

Experiment Design of Separating Trajectories

Across Multiple Pages

4.1 Introduction

The Chart Review found that "Problematic" procedures had a significantly higher number of

paths than the "Baseline" procedures. The increase in multiple flight paths could result in

increased information depicted on the chart. One hypothesis is that this may correlate with

the high levels of visual clutter on the chart.

In addition, due to the higher number of paths on the Problematic approach procedures, it

was difficult to depict the vertical profile view for all paths. This resulted in incomplete

profile views that began from either the IF or FAF (instead of IAF) for all procedures in the

Problematic group, as discussed in Chapter 3. This is because depicting all paths on one

profile view can result in ambiguity for the pilot in determining which path to use.

One approach to mitigate the potential adverse effects of multiple paths per chart is to

reduce the number of paths depicted on one single chart. This can be done by separating

paths depicted on one chart to a reduced set of paths on multiple charts. One clear

advantage to this method is that less information is now shown on one chart, which

potentially reduces visual clutter to improve the information search time to locate critical

procedure variables on the chart. Another advantage is that for approach procedures,

vertical profile can now begin from a common waypoint that has the potential to show more

vertical path information. Examples of this are shown in Figure 36 and Figure 37.
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There are practical disadvantages to separating paths across multiple pages, however.

These include having more paper to carry in the flight deck, the need for chart naming

conventions for each chart in the set, and more time spent searching for the correct page

within a set of multiple page charts. To mitigate the drawbacks associated with multiple

page charts, one individual chart for every path is not created. Instead, paths that have

many common segments are grouped. For approach procedures, paths converging prior to

the IF are grouped together allowing for more information to be depicted on the profile

views.

Modified Charts

RNZWY 2 n2')~

Current Chart
I NOT FOR NAVIGATIONAL USE

T'

ZAOW

Figure 38. An example of modified approach chart for RNAV(RNP) Z RWY 28L, Boise Airport
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An example for modified approach charts is illustrated in Figure 38. There are eight paths

depicted for the Boise approach into Runway 28L as shown in Figure 36 (a). Four pages of

this procedure were created after grouping paths with common segments together for the

modified charts as shown in Figure 36 (b).

An example for departure procedures is illustrated in Figure 39 below. As seen, there are

five paths for the departure from Salt Lake City, however only 3 pages were created as paths

with common segments are grouped together.

Current Chart

Modified Charts

018 all

4-,r T NOT FORN1AVIGATIONAL USE

9 PO~~~MhE ON FOUO"4rPAJJe '&

NOT FOR NAVIGATIONAL USE

0lI~
II (NArRATVONFODYMG PAGE)

NOT FOR NAVIGATIONAL USE II3

Figure 39. An example of modified charts for the graphical page of LEETZ TWO departure, Salt
Lake City Airport
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4.2 Multipage Modified Charts

To explore the idea of separating paths across multiple pages, a set of prototype charts were

created based on the method described in Section 4.1. These charts were prototyped to

contain only a limited number of paths per page and are referred to as "Modified" charts.

Pilot performance using Modified charts was compared against the performance using

"Current" charts.

Six procedures were modified into multi-page versions and two additional procedures (one

RNAV RNP approach and one RNAV departure) were used for the practice trials in their

current (original) format. Highly visually cluttered RNAV RNP approach and RNAV

departure procedures were selected for the study to best examine the effect. Arrival

procedures were not studied, as the number of paths per procedure was not a significant

factor for arrivals contributing to operational issues as discussed in Chapter 3.

Of the six procedures modified, three were departures from DFW, SLC and LAS, and three

were approach procedures from BOI, BZN and PSP. FAA AeroNav Products and Jeppesen

prototyped the Modified charts in coordination with the experimenters. Each manufacturer

modified the charts according to their own standard cartographic conventions to keep the

charts as realistic as possible. Table 10 shows the number of Current and Modified charts

tested in the study.

Figure 36 through Figure 39 show example cases for Current and Modified charts in the

FAA chart version. Example cases for charts created using Jeppesen chart version are

presented in Figure 40 and Figure 41. Minimal changes were made to the format of the

charts. In addition to removing paths that do not share common segments, notes and

information unrelated to the charted paths were also removed. In the graphical description

of the route in the current charts, there were several paths that were discontinuous and

arrows were used to indicate where the path would connect. This is a technique used by

chart manufacturers to minimize overlapping of path and hence, information related to the

path. For the modified charts however, paths that were previously discontinuous were

extended when possible as a result of the deletion of some paths. Zooming and re-centering

could further optimize the charts with the additional whitespace gained after removing

information, however no such changes to the format of the chart were made.
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Figure 40. Example Jeppesen approach procedures (a) Current chart (b) Modified chart 78
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In addition, no changes were made to the original titles of the procedures. However, in

order to distinguish the individual pages of the modified charts, distinct names were

assigned to each page. For approach procedures, IAF names of each path were assigned.

For departure procedures, transition fixes or runway names were assigned. The names

were ordered alphabetically (or chronologically for runway names) within each group.

Each chart manufacturer placed these assigned chart names in different areas of the chart

based on their standard cartographic conventions. FAA AeroNav chart manufacturers

placed the assigned chart name under the original title at the top of the page as shown in

Figure 36 (b) with the title "BANGS/EMETTE" and Figure 37 (b) with the title "ROCK

SPRINGS". Jeppesen chart manufacturers inserted the chart names in the plan view for

approach procedures as shown in Figure 40 (b) with the title

"GODFE/THESE/WHITEHALL" and near the graphic description of the route for departure

procedures as shown in Figure 41 (b) with the title "RWYS 17C/R 18L/R." Regardless of the

chart manufacturer, the same names were assigned to both FAA and Jeppesen charts.

Table 10. List of procedures tested and the number of pages in modified charts compared to current
charts

Pages in FAA Pages in
Type Airport Code Procedure Name Charts eppes Chart

Current Modified Current Modified

Boise, Idaho BOI RNAV (RNP) Z RWY 1 4 2** 528L

Approaches Bozeman, Montana BZN RNAV (RNP) Z RWY 1 3 1 3

Palm Springs, PSP RNAV (RNP) Y RWY 1 3 1 3
California 31L

Dallas-Fort Worth, DFW DARTZ THREE 2* 4* 1 2
DeparuresTexasII 

I
Departures Las Vegas, Nevada LAS SHEAD SEVEN 2* 4* 1 2

Salt Lake City, Utah SLC LEETZ TWO 2* 6* 1 3

* FAA departure charts have an additional "Narrative" page

** jeppesen Approach chart has an additional "Final Approach" page into Boise airport for runway 28L
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4.3 Information Retrieval Task

In order to determine whether pilot performance improved using Modified charts

compared to Current charts, an information retrieval experiment was conducted. An

information retrieval task performance is a common measure utilized in previous literature

to determine pilot performance with charts and maps [Teichner and Mocharnuk (1979),

Osbourne et all (1992), Osbourne et al. (1995), and Mykityshn et al. (1991)]. This

information retrieval task incorporated a visual search task by asking pilots several

questions. The information retrieval performance (i.e., time taken to answer the questions

and the accuracy of the answers) was then measured and compared between the current

and modified charts.

The information retrieval task was designed to evaluate response time and accuracy for a

pilot to search and retrieve information from a chart for a given question. Each pilot was

shown both Current and Modified formats of the chart, however the order in which each

chart was shown was randomized. The specific study protocol and experiment design is

outlined in Section 4.3.

A computer presentation was chosen for the study so that more accurate response time

could be achieved. Although the paper-based display could provide higher face-validity for

the paper charts, the focus of the experiment was the chart format and understanding the

benefits of the de-cluttering technique of removing paths from charts. The results of the

experiment could potentially be useful for future design of paper charts, as well as data-

driven electronic charts.

The computer simulation was developed using a MATLAB GUI. An example screenshot and

description of the task is presented below in Figure 42. The task was presented on a

monitor with high resolution (1680 pixels by 1050 pixels), which showed the charts in their

original size. In addition to the monitor, all participants were given a standard keyboard

and mouse for experiment use. Figure 42 shows labels on an example screen shot from the

experiment.

Prior to beginning each experiment session, subjects had the option to take the test using

Jeppesen or FAA AeroNav Products charts.
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Pseudo- ATC Clearance

Information Retrieval
Question

Procedure Type &
Trial Number

Action Buttons

RNAV"RPZRWY28L

Figure 42. An annotated example screenshot of the experiment display

Experiment display for each chart type (i.e., Jeppesen, FAA AeroNav Products) and

procedure type (i.e., approaches, departures) vary slightly (Sample Screenshots are shown

in Appendix H). If the chart was composed of more than one page (e.g., if there was a

second page), the pilot had the option to toggle between the pages using the control buttons

("Graphical" and "Narrative Notes" for FAA departures and "Transition" and "Final

Approach" for Jeppesen approaches). The labeled buttons were named according to what

the pages are titled on the charts.

Each trial required pilots to look at one chart in Current or Modified format and answer one

questions associated with the chart presented. The flow diagram of each trial is presented

in Figure 43. In the beginning of the experiment, pseudo-ATC clearance and an information

retrieval question (two gray bars, #2 and #3 in Figure 42) associated with a chart are

presented to the pilot (Figure 44). The pseudo-ATC clearance was shown so that the pilots

could get an orientation for which procedure and flight path s/he was "flying" to retrieve
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information related to the path. Details regarding the different types of information

retrieval questions are discussed in section 4.3.1.

BEGIN TRIAL

Presented with Clearance

Presented with Questions

View Chart Again

Information Retrieval Time
Recorded and Added to

Previous Time
U

I Click 'Chart' Button

Presented with Chart

Information Retrieval Time
Begins

Click 'Answer Question' Button

hart is Illegible (grayed-out)

Presented with a Text Box to
Input Answer

I Information Retrieval Time
Stops

Click 'Next' Button

Information Retrieval Answer
Recorded for the Trial

END OF TRIAL

Figure 43. Flow Diagram of Each Trial

As seen from Figure 42, there are three action buttons (#5) to the right of the question. In

order to view the chart after reading the clearance and the questions, the subjects click on

the "Chart" button to make the chart visible (Figure 45). The amount of time the chart was

visible was recorded and is defined as the response time to locate and extract the desired

information from the chart. As such, a "faster" response time was used as an indicator of

the ease with which information could be extracted from each chart.
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Figure 44. An example screenshot of the experiment display from the beginning of a trial is
shown, where a clearance and question is shown to the pilot without the chart.

RNAV (RNP) Z RWY 28

RNAV R"IZ RWY2&

Figure 45. An example screenshot of experiment display after "Chart" button is clicked is
shown. Pilots are presented with the chart along with the clearance and question.
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After retrieving the information, subjects were instructed to click on "Answer Question"

button (#5) to type the answer to the question. When the "answer question" button was

enabled, the chart was grayed out, prohibiting the pilot from viewing the chart (Figure 46).

If the pilot wanted to view the chart again, s/he could press "Chart" which would make the

chart visible once again as illustrated in Figure 43. The total of the times the chart was

visible was recorded as the reaction time to retrieve information from the chart. After

answering each question, subjects were instructed to click on "Next" to proceed to the next

question.

Figure 46. An example screenshot of experiment display after "answer question" button is clicked is
shown. Pilots are shown a grayed-out chart and an input text box along with the clearance and

question.

In addition to response times to retrieve information, responses to questions were also

recorded and scored for accuracy. The response times and accuracy for each chart type and

procedure type were evaluated separately. The results of the task are shown in Chapter 5.
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4.3.1 Information Retrieval Question
Each trial in the information retrieval task involved answering one question corresponding

to one chart. The questions were equally divided between current and modified charts. For

each question pertaining to a specific path on a current chart, there was a corresponding

question for the modified chart. For example, Boise airport had a total of 24 questions; 12

questions for current and 12 for modified charts.

There were two main types of questions asked: "Path-Specific" and "General". Path-Specific

questions pertained to any one path on the chart (e.g. altitude constraints, heading), while

General questions pertained to information that was common among all paths (e.g.

communication frequencies, airport elevation) Within path-specific questions, there were

five types of questions asked about the path: distance, track, speed, altitude, and notes.

Sample questions for RNAV (RNP) Z RWY 28L IAP into Boise Airport for both Path-Specific

and General question are described in the Table 12 below. Answers to each question can be

retrieved from Figure 11 and Figure 12. Sample questions for RNAV SHEAD SEVEN

departure procedure out of Las Vegas Airport are shown in Table 13 below. Answers to

these questions can be retrieved from Figure 7.

Table 11. Sample questions for approach procedure into Boise Airport.

Quetn Clearance Question

DISTANCE You are cleared to Boise Air Terminal (BOI) What is the distance from JADWI to UNCOY?for the RNAV (RNP) Z RWY 28L via BANGS

TRACK You are cleared to Boise Air Terminal (BOI) What is the track from NEWKU to ROKTY?for the RNAV (RNP) Z RWY 28L via EREXE

SPEED You are cleared to Boise Air Terminal (BOI) What is the maximum allowed speed at
for the RNAV (RNP) Z RWY 28L via PARMO ELUMY

ALTITUDE You are cleared to Boise Air Terminal (BOI) What is the minimum altitude required from
for the RNAV (RNP) Z RWY 28L via CADKI ZOVAM to HOBSI?

NOTES You are cleared to Boise Air Terminal (BOI) Other than GPS, what other equipment is
for the RNAV (RNP) Z RWY 28L via UTEGE required for procedure entry of UTEGE?

GENERAL You are cleared for Boise Air Terminal (BOI) What is the missed approach hold fix?(Inside) for the RNAV (RNP) Z RWY 28L via BANGS

GENERAL You are cleared to Boise Air Terminal (BOI) What is the length of the landing runway?
(Outside) for the RNAV (RNP) Z RWY 28L via CADKI W i
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Table 12. Sample questions for departure procedure out of Las Vegas Airport.

Question Clearance Question
Type

You are cleared to depart from Las Vegas/Mc
DISTANCE Carran International (LAS) via SHEAD SEVEN What is the distance from MINEY to HITME?

departure via RWY 7L

You are cleared to depart from Las Vegas/Mc
TRACK Carran International (LAS) via SHEAD SEVEN What is the track from PIRMD to ROPPR?

departure via RWY 25L

You are cleared to depart from Las Vegas/Mc What is the required maximum speed untilSPEED Carran International (LAS) via SHEAD SEVEN BESSY?
departure via RWY 1L

You are cleared to depart from Las Vegas/Mc What is the altitude window constraint at
ALTITUDE Carran International (LAS) via SHEAD SEVEN ROPPR?

departure via RWY 19R

You are cleared to depart from Las Vegas/Mc What is the minimum climb gradientNOTES Carran International (LAS) via SHEAD SEVEN required after departing runway 7L?
departure via RWY 7L

You are cleared to depart from Las Vegas/Mc What is the tower frequency for your cleared
GENERAL Carran International (LAS) via SHEAD SEVEN runway?

departure via RWY 19L

You are cleared to depart from Las Vegas/Mc
DISTANCE Carran International (LAS) via SHEAD SEVEN What is the distance from MINEY to HITME?

departure via RWY 7L

On approach charts, a distinction was made between general questions that were inside the

planview and those outside of the planview. This distinction was made since the chart

modifications to the planview would affect the information retrieval for both General and

Path Specific questions inside the planview. Sample questions for Inside Planview and

Outside Planview questions are shown in Table 11.

The total number of information retrieval questions presented to each pilot based on

procedure type (approach or departure), airport, and question type is described in

Appendix A below. The full list of questions and clearances presented to the pilot are shown

in Appendix A.
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4.4 Study Protocol

Figure 47 shows a schematic of the experiment procedure. At the start of the experiment,

each participant was given introductory materials (Appendix E). These materials included

an introduction to the study, informed consent form, and background questionnaire. The

introduction to the study outlined an overview of the study including the purpose and

potential outcome of the study. The informed consent form presented the experiment

procedure, potential risks and discomforts, potential benefits, and the rights of research

subjects. In addition, the consent form stated the confidentiality agreement, where subjects

are told that no individual names and identifies will be recorded with any data or released

in any reports. After presenting the consent form, subjects were allowed to withdraw from

the experiment if they chose to do so. If they chose to continue with the study, a

background questionnaire was presented in which the subject's familiarity with RNAV and

RNP procedures and other relevant information about their flight experience was recorded.

As shown in Figure 47, the information retrieval task was then presented to the pilot.

Before beginning the task, written instructions were provided on paper to be read

(Appendix E). The instructions requested the pilots to respond to the questions as quickly

and as accurately as possible. In addition, the instructions explained how the task is

structured, specifically, that there are two blocks with a rest period between the blocks.

The task was designed such that one block was for approaches while the other was for

departures. The order of the two blocks was counterbalanced between subjects.
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Figure 47. Flow diagram of the Study Protocol

The approach block contained 56 test trials and the departure block contains 44 test trials.

Each test trial consisted of answering one question to one presented chart. Within each

block, the two chart formats (Current and Modified) were presented in a randomized order.

Half of the questions in each block pertained to the current chart while the other half

pertained to the modified chart. The chart format is a within subject variable, where each

participant answered questions about both Current and Modified charts.

The study concluded with a post-task questionnaire shown in Appendix F. Here, pilots were

asked to provide feedback about the experiment and provide any issues encountered when

flying RNP approach procedures in their daily operations.
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Chapter 5

Experiment Results and Discussion

5.1 Participants

A total of 47 pilots volunteered to participate in the study. Participants were professional

pilots from corporate or airline operators in the United States. All subjects were current

and licensed instrument-rated pilots. All pilots also had RNP qualification, meaning that the

pilot was trained to meet the Authorization Requirement (AR) appropriately to fly these

procedures [AC 90-101]. The flight time for all pilots ranged between from 2,200 hours to

24,000 hours, with an average of 11,484 hours. See Table 13 for details regarding the pilot

experience and background. Note that 7 airline instructor pilots from a large airplane

manufacturing company are included in the Airline Pilot group.

Table 13. Participant's Experience and Background

F

12,476 14 2.6 3.4

10,179 1 2.0 2.7

11,484 15 2.3 3.1

L

All pilots received simulator training on RNAV procedures within the last 12 months. Table

13 shows the average number of procedures flown in the last active month and the types of

RNAV (RNP) approach procedures flown by the pilots on average.
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Prior to beginning the experiment, pilots were requested to rate their comfort levels with

RNAV departure procedures and RNAV (RNP) approach procedures. Figure 48 shows the

score pilots gave on how comfortable they felt with RNAV (RNP) approaches and RNAV

departures. For approaches, 34 pilots (72%) rated their comfort level as 4 or 5. For

departures, 33 pilots (70%) rated their comfort level as 4 or 5. Out of 47 pilots, 3 pilots

have never flown RNAV (RNP) approaches in line operations.

Approaches Departures

4A

(U

S.

(U
CL

0

E

z1 2 3 4 5 blanks

Comfort Rating [1 (low) to 5 (high))

30

25

20

15

10

5

0

1 2 3 4 5 blanks

Comfort Rating [1 (low) to 5 (high)]

Figure 48. Comfort level for RNAV (RNP) approaches and RNAV departures rated by participants
on a scale of 1 (low) to 5 (high).

Table 14 describes the pilot experience at airports from which the procedures for the study

were selected. Pilot experience may vary based on the airports most commonly flown by

the airline or corporate facilities volunteered in the study.
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Table 14. Participants' flight experience at the airports from which the procedures were selected for
the experiment

Airport (airport code) Airline Corporate Total
(N =28 (N=19) (N47)

Boise Air Terminal,(BOI) 1 0 1

IRNAV (RNP) Bozeman/Gallatin Fielld (BZN) 0 0 0

l Springs Intl (PSP) 13 2 15

Dallas/Fort Worth Intl. (DFW) 9 3 12

RNAV SID McCarran Intl. (LAS) 15 7 22

Salt Lake City Intl. (SLC) 1 5 6

5.2 Accuracy

Each pilot was asked a total of 98 information retrieval questions as discussed in Chapter 4.

Each question was graded for accuracy. In general, pilots answered all questions correctly.

Overall accuracy across all 47 participants was 99.5% where 34 pilots answered all 98

questions correctly. The lowest score was 94.9% where the pilot missed 5 out of the 98

questions. Comparing pilots' accuracy for IAPs and SIDs between current and modified

chart, no systematic trends were found. Also, no effect was found between the chart

manufacturer types (FAA vs. Jeppesen), or pilot types (Airline vs. Corporate).

5.3 Response Time

Figure 49 below shows the overall response times across all 47 participants. The average

response time for pilots using Modified charts was significantly faster compared to pilots

using Current charts. For approaches, the mean response time for current charts was 16.9

seconds while for modified charts was 10.6 seconds. For departures, the mean response

time for current charts was 16.2 seconds compared to 13.2 seconds for modified charts.

Note that the error bars displayed in the figure represent standard error, which are all less

than one second.
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Figure 49. Average response times for Current and Modified charts for
each procedure type.

Two-tailed paired t-tests were conducted on the logarithm of response times of Current and

Modified charts to account of the skew in the data. Table 15 shows the results of the

analysis. For all analysis, departures and approaches were analyzed separately.

Table 15. Statistics for each procedure type comparing Current and Modified charts.

Current ModifiedSttscaTein
(Seconds) (Seconds)StiscaTein

IAP 1 22.7 13.5 t (46) = 9.39, p <0.01

SID 11.8 10.3 t (46) = 3.31, p <0.01

As seen from Table 15, the overall effect of removing paths per chart has reduced mean

response time for approach procedures by approximately 9 seconds and departure

procedures by 1.5 seconds. In critical phases of flight where these procedures are typically

flown, this reduction in time could be considered as a large advantage in moving towards

chart with fewer paths depicted on the page.

5.3.1. Effect of Chart Manufacturer Type

Two most widely used chart manufacturers, FAA Aernav Products and Jeppesen, developed

the Modified charts in their own standard conventions. Prior to beginning each experiment

session, subjects had the option to take the test using Jeppesen or FAA AeroNav Products
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charts. All 47 pilots tested in the experiment preferred Jeppesen charts. In order to test

FAA developed charts, the experimenters requested 14 volunteered pilots (8 Airline and 6

Corporate) who are Jeppesen chart users to perform information retrieval task using FAA

charts. Prior to beginning the task, pilots were given a ten-minute FAA chart refresher

course developed by the experimenters (Appendix E). Thus, the results related to FAA chart

convention should consider that the pilots are not typical FAA chart users.

Identical information retrieval questions were asked for both FAA and Jeppesen charts.

Paired sampled t-tests were conducted between Current and Modified charts to test

whether the results are in the same direction for both conventions.

A total of 33 pilots used Jeppesen charts and 14 pilots used FAA charts. As seen from Figure

50 below, pilots had significantly lower response times using Modified charts than Current

charts, regardless of chart convention.

Jeppesen FAA AeroNav Products
25 25

C20 20

is Al Current-15

p 10 10Modified

C 5

Approaches Departures Approaches Departures

Figure 50. Average response times for Current and Modified charts for each Chart Manufacturer
type.

In the Jeppesen chart convention group, for approach procedures, participants performed

significantly faster with Modified charts with a mean of 10.4 seconds compared to the

Current charts with a mean of 15.9 seconds. For departures, participants had a mean of

13.6 seconds with Modified charts compared to 16.7 for Current charts.

In the FAA chart group, for approach procedures, participants performed significantly faster

when using Modified charts with a mean of 11.2 seconds compared to Current charts with a

mean of 19.2. Similarly for departures, participants had a significantly lower response time
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using Modified charts compared to Current charts. The mean response time for Modified

charts was 12.4 seconds while response time for Current charts was 14.9 seconds.

Table 16. Statistics for each Chart Manufacturer type comparing Current and Modified charts.

Current ModifiedSttsiaTein
__________(Second~s) (Seconds) Sai~a etn

FAA JAP 22.7 13.5 t (13) =11.09; p < 0.01

SID 11.8 10.3 t (13) 2.85; p <0.01

lAP 27.6 14.4 t (32) =12.22; p < 0.01

SID 14.2 7.3 t (32) = 6.44; p < 0.01

Comparison for the response times between FAA and Jeppesen charts was also performed

using a One-Way Analysis of Variance (ANOVA) test. The ANOVA tested whether there

existed a statistically significant difference between the response times amongst both chart

manufacturer (FAA vs. Jeppsen) and chart format (Current vs. Modified). Within the

Current chart group, for departures (F (1,45) = 1.60, p = 0.212), and for approaches (F (1,45)

=2.69, p = 0.108) no statistical significance was found. Similarly within the Modified Chart

group, for departures (F (1,45) = 0.858, p =.359), and for approaches (F (1,45) = 0.655, p =

0.422) also showed no statistically significant effect. Overall, the results concluded that no

statistically significant differences for the mean response times existed between the chart

conventions.

5.3.2. Effect of Airport

Figure 51 shows the average response times across the airports from which the six

procedures were tested in the study. Again, note that the error bars depicted in the figures

represent standard error for the response times, which are less than three seconds for all

airport types. As seen from the figure, the results are consistent with the overall response

times such that pilots performed significantly faster using Modified charts than the Current

charts, regardless of procedure.
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Figure 51. Average response times for Current and Modified charts for each airport tested in the
study.

Table 17. Statistics for each airport comparing Current and Modified charts.

Procedure Airport Current Modified
Type Names (Seconds) (Seconds) Statistical Testing

B01 16.9 7.8 t (46) = 19.01, p <0.001

IAP BZN 15.5 10.0 t (46) =10.04, p <0.001

PSP 14.2 10.6 t (46) = 4.81, p <0.001

DFW 15.6 11.9 t (46) = 4.27, p <0.001

SID LAS 15.2 12.0 t (46) = 3.78, p <0.001

SLC 17.0 14.9 t (46) = 3.50, p <0.001

Statistical significance of each airport using two tailed paired t-tests of the response times

was conducted and the results are shown below in Table 17. All procedures show faster

response time using Modified charts than Current charts with p-value less than 0.001. The

effect in overall response times was not driven largely by a specific procedure, as all

procedures have consistent results. In addition, large reduction in response times is shown

for all procedures, minimum being 3.1 seconds for departure procedure at SLC, and

maximum being 9.1 seconds for procedure at BOI. Again, this large reduction in

information retrieval time can prove to improve overall chart usability and become
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beneficial to pilots flying at airports with high levels of terrain like the procedures selected

for this study.

5.3.3. Effect of Pilot Type

A further comparison can be made between Current and Modified charts by examining the

specific pilot types (i.e., Airline Pilots and Corporate Pilots). Figure 51 below shows the

response times for Airline Pilots and Corporate Pilots. As seen from the figure, the trends

for the response times both IAPs, as well as SIDs are consistent with the overall trend. Both,

Airline and Corporate pilots had significantly lower response times using Modified charts

compared to their response times using Current charts. Table 20 shows the specific mean

response times and the results from the two-tailed t-tests. As seen from Table 18, the

statistical test comparing Modified charts to Current charts for each pilot group yielded p-

values less than 0.001.

Airline Pilots Corporate Pilots
20 7 -

15 4-

- 10

--

-,0

IAP SID

- a current
* Modified

IAP SID

Figure 52. Average response times for Current and Modified charts for each pilot type.

Table 18. Statistics for each Pilot Type comparing Current and Modified charts.

Pilot Type Procedure Current Modified Statistical TestingType (Seconds) (Seconds)

A AP 15.6 10.0 t (46)= 10.04, p <0.001

SID 15.14 13.1 t (46) =4.81, p <0.001

IAP 18.9 11.5 t (46)= 3.78, p <0.001

SItD 17.7 13.4 t (46) =3.50, p <0.001
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Comparison for the response times between Airline and Corporate pilots was also

performed using a one-way ANOVA test. The ANOVA tested whether there existed a

statistically significant difference between the response times amongst both pilot type

(Airline vs. Corporate) and chart format (Current vs. Modified). There was a statistically

significant difference between the response times of Airline and Corporate pilots using

Current IAP charts (F (1,45) = 5.74, p = 0.021). However, this effect did not exist for SID

charts or Modified IAP. For Modified IAP, (F(1,45) = 1.92, p = 0.175) no statistically

significant effect was found. Within the SID chart group, for Current charts (F (1,45) = 3.77,

p = 0.059), and for Modified charts (F (1,45) = 0.103, p = 0.749) when compared between

Airline and Corporate pilots.

5.3.4. Effect of Question Type

As mentioned in Chapter 4, several different types of information retrieval questions were

presented to the pilots. All questions were distributed into two main categories: Path-

Specific and General. Path-Specific questions pertained to any one path on the chart (e.g.,

altitude constraints, heading), while General questions pertained to information that was

common across all paths (e.g., communication frequencies, airport elevation). Because the

number of paths depicted on a chart was reduced for Modified charts, the hypothesis was

that information retrieval time to scan for answers to Path-Specific questions would be

faster with the modified charts than with the current charts. Likewise, the hypothesis for

General questions was that there would be no difference notable in information retrieval

time between Modified charts and Current charts. However, certain answers to General

questions for approach procedures could also benefit from the chart modifications

performed on the planview of the chart. This is further examined in section 5.3.5. Figure 53

below shows the mean response times for both types of questions for each procedure type

(i.e., approaches and departures).
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Figure 53. Average response times for Current and Modified charts for each Question type.

For approaches, the response times for Path-Specific questions was significantly faster

when using Modified charts, as hypothesized. However, the response times for General

questions also showed the same effect (response time for General questions was

significantly lower using Modified charts). The response time for Path-Specific questions

answered using Current charts have a mean of 11.6 seconds compared to Modified charts

which have a mean of 19.5 seconds. The response time for General questions answered

using Current charts has a mean of 8.2 seconds compared to Modified charts which has a

mean of 10.8 seconds. Results of the two-tailed paired sample t-tests performed are shown

in Table 19.

For departures, the response times for Path-Specific questions were significantly faster

when using Modified charts compared to Current charts. The response time for Path-

Specific questions answered using Current charts have a mean of 17.6 seconds compared to

Modified charts which have a mean of 13.3 seconds. However, for General questions, there

was no statistically significant difference between Modified chart and Current chart

response times. The response time for General questions answered using Current charts

has a mean of 13.1 seconds compared to Modified charts which has a mean of 12.4 seconds.

Table 19 shows the results of the two-tailed paired sample t-tests.

A further examination of each question type is described further in section 5.3.5 below.
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Table 19. Statistics for each Question Type comparing Current and Modified charts.

t (46) =15.15, p <0.001

5.3.5 Detailed Evaluation of Question Type Analysis
In this section, different types of Path-Specific and General questions posed to the pilots in

the experiment will be examined in depth. As mentioned in Section 4.2, the question types

were divided in these categories with the hypothesis that questions that are affected by the

chart modifications (i.e., Inside Planview) would have a faster response time when using

Modified charts. Likewise, questions that are not affected by the chart modifications (i.e.,

Outside Planview) would not show a difference in the response times when comparing the

different chart types (Current vs. Modified).

5.4.1 Path-Specific Questions
As described in Section 4.3.1, five different types of Path-Specific questions were posed in

the experiment: distance, track, speed, altitude, and notes. Results for each Path-Specific

question are explored below.

5.4.1.1 Approach Procedures

Figure 53 shows the response times for each Path-Specific questions posed in the

experiment for RNAV (RNP) IAPs block. On average, pilots answered all path-specific

questions significantly faster using Modified charts compared to Current charts. Table 23

below shows the individual means and the two-tailed paired t-test results for each question

type. As hypothesized, Path-Specific questions, which are affected by the chart

modifications, show a lower response time when using Modified charts.
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Figure 54. Average response times for each Path-Specific questions for approaches.

Table 20. Statistics for each Path-Specific Question type comparing
charts.

Current and Modified approach

Current Modified
(Seconds) (Seconds) Statistical Testing

Altitude 22.7 13.5 t (46) = 9.39, p <0.01

Track 11.8 10.3 t (46) = 3.31, p <0.01

Distance 27.6 14.4 t (46) = 8.52, p <0.01

Speed 14.2 7.3 t (46) = 8.82, p <0.01

Notes 18.9 11.2 t (46) = 8.58, p <0.01

5.4.1.2 Departure Procedures

Figure 55 depicts the response times for each Path-Specific question posed in the

experiment for the departures block. As seen in 5.3.4, pilots answered Path-Specific

questions significantly faster using Modified charts compared with Current charts. Looking

at specific questions, this trend was notable for questions related to Altitude, Distance, and

Notes. However, questions related to "Track" and "Speed" showed no statistically

significant difference when compared between Modified and Current chart.
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Figure 55. Average response times for each Path-Specific questions for departures.

Table 21. Statistics for each Path-Specific Question type comparing Current and Modified departure
charts.

Current Modified S
(Seconds) (Seconds)

Altitude 22.2 13.3 t (46)= 5.21, p <0.001
Track 12.1 10.9 t (46) =1.50, p = 0.14

Distance 13.6 9.4 t (46) =5.99, p <0.001
Speed 13.3 13.7 t (46) =0.79, p = 0.43
Notes 24.2 17.4 t (46) =4.95, p <0.001

Table 21 above shows the individual means and the results of the two-tailed paired samples

t-tests for each question type. As noticed, approximately 4 to 7 seconds of reduction in

information retrieval time is noticeable for Path-Specific questions related to Altitude,

Distance and Notes. However, this effect is not observable for Track and Speed related

questions. This effect was not hypothesized and the reasons are unknown.

5.4.2 General Questions
For approaches in general, answers to all Path-Specific questions can be found inside the

planview. However, for General questions, answers to questions can be found inside or

outside the planview. Because the paths were removed in the planview for Modified charts,
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General questions inside the planview could be affected by the chart modification. Thus,

General questions were distributed based on whether the answers to them fell "Inside

Planview" or "Outside Planview."

In this section, Inside Planview and Outside Planview questions within General questions

category is explored. As explained before, the hypothesis was that response time for Inside

Planview questions would be faster with Modified charts than with Current chart. Likewise,

Outside Planview questions would not show a difference in response time when compared

between Modified and Current chart.

Figure 56 shows the average response times for Inside Planview and Outside Planview

questions. As shown in the figure, if the answers to the questions were Inside Planview,

pilots answered General questions faster using Modified charts compared with Current

charts. However, no difference was noted between Modified and Current charts when

answers to the questions were Outside Planview.
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Figure 56. Average response times for each General question type for
approaches.

Table 22. Statistics for each General Question type comparing Current and Modified approach
charts.

Current Modified
(Seconds) (Seconds)

Inside Planview 14.6 10.9 t (46) = 3.324, p <0.01
Outside Planview 6.8 7.5 t (46) =1.524, p = 0.13
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5.5 Subjective Feedback

A post-task questionnaire was presented to pilots after the completion of the information

retrieval task. On the questionnaire, pilots had the ability to provide feedback on the

experiment and operational feedback regarding their experience using RNAV and RNAV

(RNP) procedures.

Fifteen pilots commented on their experience using RNAV and RNAV (RNP) procedures.

When asked the question "have you encountered any problems when flying the RNP

procedures in your daily operations?" 8 out of the 15 pilot commented on issues with Air

Traffic Control authorization. One pilot commented, "ATC is biased to ILS/visual

approaches." Another pilot stated, "ATC does not clear for RNAV and RNAV (RNP)

procedures many times." One pilot also commented that there were a large number of

charted altitude restrictions on the SHEAD SEVEN departure from Las Vegas Airport (LAS)

(a procedure used in the Experiment) to accommodate ATC.

All pilots agreed that the charts were reasonable and realistic. All pilots also agreed that the

experiment display was understandable.
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Chapter 6

Summary and Conclusion

6.1. Summary

The FAA and ICAO are transitioning to PBN airspace, in order to increase NAS capacity and

efficiency. There are two main types of advanced PBN procedures, RNAV and RNP. RNAV

enables aircraft to fly directly from point-to-point on any desired flight path using ground-

or spaced-based navigation aids. RNP is RNAV with the addition of onboard monitoring and

alerting capability. Both RNAV and RNP procedures allow aircraft to fly accurate routes

without relying on ground-based navigation aids. RNAV and RNP procedures facilitate

more efficient design of airspace and procedures, offering significant safety improvements

and flexibility to negotiate terrain, as well as improving airspace capacity and operational

efficiency.

The initial implementation of RNAV and RNAV (RNP) procedures has raised several human

factors issues as described in Chapter 1. RNAV Standard Instrument Departures (SID) and

Standard Terminal Arrivals (STARs) and RNAV (RNP) Instrument Approach Procedures

(IAP) are often more cartographically complex than conventional procedures, with more

waypoints, altitude constraints and other variables. In addition, it is common to have

multiple RNAV and RNAV (RNP) paths depicted on a single chart, causing increased

information density and high levels of visual clutter.

As described in Chapter 2, extensive research has been conducted on the depiction of

conventional IAPs. However, limited document research on the depiction of advanced PBN

procedures and recent industry committee discussions, have raised concerns that there is

high information density and clutter on these charts. Document research by Barhydt et al.

(2006) and Butchibabu et al. (2010) has emphasized the need for evaluating the chart

design of these procedures contributing to operational safety issues reported in the ASRS
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database. Specifically, there is a need to understand what specific procedure variables

contribute to the high information density and chart clutter.

Thus, a chart review was conducted on two sets of RNAV and RNP procedures as explained

in Chapter 3. One set of "Problematic" RNAV (RNP) IAPs, RNAV SIDs and RNAV STARs were

identified based on the operational safety reports obtained through the Aviation Safety

Reporting System (ASRS) and documented industry organized forums such as Aeronautical

Charting Forum (ACF) and PBN Aviation Rule making Committee (PARC) RNP Chart

Saturation Working Group. The second set is identified as the "Baseline" Group, which

consists of the top 35 OEP airports that were not included in the ASRS reports or brought to

attention in the ACF and PARC meetings by subject matter experts. For the review, an

analysis of procedural variables that are depicted on the chart was completed. Both

identified sets of charts were reviewed and compared.

A total of sixty-three approach, fifty-two departure, and fifty-four arrival procedures were

analyzed. Primary findings from the review concluded that factors associated with high

levels of visual clutter included multiple flight paths per page for approach and departure

procedures, and complex altitude constraints for arrivals. Multiple waypoints per path was

also a factor for both arrivals and approaches. In addition, RF legs were additional factor

contributing to visual clutter for approaches.

Multiple flight paths are typically shown on the chart to depict all possible flight paths

available to the pilot and ATC. However, once ATC has assigned one specific path to the

pilot, all other paths may not be need to be depicted, unless ATC needs to vector the aircraft

to another path for traffic separation or weather-related issues. Additionally, previous

literature has found that the amount of "irrelevant" information on display increases, visual

search time to locate the target information also increases (Baker, 1960).

In addition, in cases where there were multiple paths, particularly multiple IFs, the profile

view does not show the complete altitude profile beginning of the IF or IAF. Instead, only

the altitude profile for the last, common, segment was shown in the profile view. This was

because there was not enough space to show multiple altitude profiles corresponding to the

non-common path segments. When there was only one IF or IAF in the procedure, the full

altitude profile beginning from that IF was shown in the profile view.
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Based on these findings, an experiment was designed to examine the effects of removing

paths that are "irrelevant" to the pilot from the chart to simplify the chart. This study

evaluated one method to simplify the RNAV (RNP) procedure depiction by reducing the

number of paths shown on a single chart page, and adding sufficient chart pages to depict all

paths more clearly and with less clutter. An experiment was conducted to evaluate whether

these "Modified" charts would impact information retrieval time and accuracy compared

with the "Current" charts being used now. A series of Modified charts were designed and

prototyped for the experiment. FAA AeroNav Products and Jeppesen created the Modified

charts using their own standard conventions. Current FAA AeroNav Products and Jeppesen

charts were used as the baseline condition.

Six procedures were selected, including three RNAV departure procedures from Dallas/Fort

Worth, Las Vegas, and Salt Lake City airports, and three RNAV (RNP) approach procedures

from Boise, Bozeman, and Palm Springs airports. During the experiment, pilots were shown

the same procedures in Current and Modified chart format. Details regarding the design of

the study are explained in Chapter 4.

Highly visually cluttered RNAV RNP approach and RNAV departure procedures were

selected for the study in order to best examine the effect of separating paths across multiple

pages. Additional studies may be needed to understand whether this performance benefit

remains for less visually cluttered charts. Specifically, a study can be designed to

understand how many paths can be depicted on the chart before there is an effect on the

information retrieval performance.

Data were collected from 28 commercial airline pilots and 19 corporate pilots with average

flight experience of approximately 11,484 hours. Fourteen pilots used FAA AeroNav charts,

and 33 pilots used Jeppesen charts.

Overall question response accuracy for all 47 participants was 99.5%. There were no

particular differences in accuracy between Modified and Current chart use.

As described in Chapter 5, pilots answered questions significantly faster using Modified

charts than Current charts. For approach procedures, the mean response time for Current

charts was 16.9 seconds, compared with 10.6 seconds for Modified charts. For departure

procedures, the mean response time for Current charts was 16.2 seconds, compared with

13.2 seconds for Modified charts. Response times were also significantly faster for Modified
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charts than for Current charts when analyzed for each airport, chart manufacturer

(Jeppesen and FAA AeroNav Products), and pilot type (Corporate and Airline).

6.2 Conclusion

The ultimate objective of this study was to improve the usability of complex RNAV and RNP

charts to mitigate human factors issues such as increased heads down search time, difficulty

in reading critical procedure elements, information interpretation error, and high workload.

Increased number of advanced RNAV and RNP procedures will be developed in the future to

improve safety, airspace use, and fuel and emission costs. In addition, complex procedures

may also contain increased number of paths that can allow aircraft to takeoff and/or land

using an optimal route to and from, while negotiating terrain and airspace constraints. As

identified by this thesis, increased numbers of paths per procedure results in visually

cluttered chart that can cause operational issues. Thus, it is beneficial to consider de-

cluttering techniques that could mitigate the operational human factor issues.

The method considered in this study was to depict limited number of paths per page by

separating paths across multiple pages. Due to the observable benefit in information

retrieval performance, it is evident that this de-clutter technique is an effective method to

mitigate clutter and improve chart usability on charts that have increased number of paths.

Consequently, this method is not applicable to charts that do not have multiple paths. In

addition, simpler and less visually cluttered charts with lower number of paths depicted per

procedure may not see the information retrieval performance benefit that is observed in

this study with complex charts. A further study may be conducted to determine the number

of paths that can be depicted per page before a reduction in information retrieval

performance is observed.

Practical applications of the de-cluttering technique should also consider potential

drawbacks that can be caused through increase in paper and limited information being

shown on the page. Increase in paper may increase time to retrieve the correct chart and

cost of production. Limited number of paths depicted on the page may cause pilots to be

unaware of other nearby paths that are not depicted but may be available for use.
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The study was designed to determine the benefit of one, isolated factor: separating paths

across multiple pages to reduce the number of paths shown per page. Thus, the de-

cluttering technique used to create the Modified charts was not further optimized by

utilizing the additional white space gained from the removal of paths. Example

optimization techniques include zooming and re-centering the paths and other procedural

information. If such optimization techniques were used, the Modified charts may further

improve the information retrieval performance. Practical applications of the de-cluttering

technique implemented in the study may use additional optimization techniques to increase

chart readability.
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ABSTRACT
In order to achieve potential operational and safety benefits
enabled by Area Navigation (RNAV) and Required
Navigation Performance (RNP) procedures it is important to
monitor emerging issues in their initial implementation.
Reports from the Aviation Safety Reporting System (ASRS)
were reviewed to identify operational issues related to RNAV
and RNP procedures. This review is part of a broader effort to
understand emerging human factors issues for performance
based navigation. A total of 285 relevant reports filed between
January 2004 and April 2009 were identified and analyzed.
For departure procedures, the majority of reports mention
heading or track deviations, which are classified as "lateral"
issues. For arrival and approach procedures, the majority of
reports mention altitude deviations, which are classified as
"vertical" issues. The track and heading issues were often
associated with dropped transition waypoints in the Flight
Management System (FMS). Altitude deviations during
arrival and approach procedures were mainly associated with
Air Traffic Control (ATC) "descend via" phraseology. The
analysis shows that RNAV and RNP procedure issues are
integrated with ATC operations, FMS, and procedure design
issues.

Keywords
Aviation Safety Reporting System, ASRS, RNAV, RNP,
SIDs, STARs, IAPs, Performance Based Navigation, PBN

INTRODUCTION AND MOTIVATION
The Federal Aviation Administration (FAA) and International
Civil Aviation Organization (ICAO) are transitioning to
performance based navigation airspace. As a result, more Area
Navigation (RNAV) and Required Navigation Performance
(RNP) procedures are being developed (MITRE CAASD,
2010). RNAV procedures allow the aircraft to fly directly
between points in space without relying on ground-based
navigation aids. RNP procedures meet specific requirements
for position determination and track conformance, allowing
the aircraft to fly more precise paths. RNAV and RNP
procedures offer operators new levels of flexibility to
negotiate terrain, airspace, and environmental considerations,
and offer significant safety improvements. Operators see these
benefits, and are pushing to develop more of these procedures.

2United States Department of Transportation
Volpe National Transportation Systems Center

55 Broadway, Cambridge, MA 02142, USA
{Andrew.Kendra, Divya.Chandra}@dot.gov

However, there are human factors concerns because RNAV
and RNP procedures can result in paths that are complex to fly
and typically require the assistance of a Flight Management
Computer (FMC) to negotiate precise speed, altitude, and
lateral path constraints. A list of related human factors issues
was collected and summarized by Barhydt and Adams in a
comprehensive research report (2006a). Separately, Barhydt
and Adams (2006b) reported on an exploratory study using the
Aviation Safety Reporting System (ASRS) database to
identify 124 reports filed between 2000 and mid-2005 related
to RNAV and RNP departure and arrival procedures at seven
specific airports.

Barhydt and Adams were the first research team to
systematically examine human factors issues related to RNAV
RNP procedures. They broadly categorized key issues as
being related to air traffic operations, pilot interpretation of
procedures, and procedure design challenges with aircraft
automation and charting. The research presented in this paper
is part of a larger effort to build upon the work of Barhydt and
Adams to understand emerging human factors issues with
RNAV and RNP procedures related to procedure design and
to understand charting issues for RNAV/RNP procedures in
particular.

The goal of this review of events from the ASRS database is
twofold. First, we are interested in knowing what performance
issues related to procedure design and charting have been
documented. Second we are interested in updating the analysis
done by Barhydt and Adams by reviewing more current events
and documenting human-performance issues.

AVIATION SAFETY REPORTING SYSTEM (ASRS)
BACKGROUND
Safety reports of interest were identified from the public
Aviation Safety Reporting System (ASRS) database managed
by the National Aeronautics and Space Administration
(NASA). The database contains voluntary self-reported
descriptions of aviation safety events and can be searched in a
flexible, customizable way. The outcomes and anomalies
found in the ASRS reports are typically an actual violation or
a "near violation" (i.e., a violation that almost occurred) of a
requirement (e.g., an altitude clearance, or pugiged heading
for a departure or arrival procedure). Filing a vo untary ASRS
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report grants the reporter a level of immunity for the violation
as detailed in AC 00-46D (FAA, 1997).

There are limitations to the data contained in ASRS reports,
which are described online (http://asrs.arc.nasa.gov/. The
public database contains only a subset of the reports submitted
for processing, so the frequency of events does not represent
the total population of events. Because of the self-reporting
nature of ASRS, reports may contain subjective biases.
Reporters include air traffic controllers, pilots, and other
crewmembers.

METHOD
The following fields were specified in order to identify
relevant reports: Date of Incident, Keyword, Event Anomaly,
and Flight Phase. The criteria used for these fields are listed in
Table 1 below. A total of 2104 reports were extracted based
on these search criteria. However, this set contained numerous
cases that did not involve RNAV/RNP procedures because of
the way the search query was constructed; these cases were
discarded manually, yielding a total of 285 relevant reports for
analysis.

The final set of relevant ASRS reports was reviewed to
identify human factors issues related to RNAV procedures.
The reports were grouped based on the type of procedure
involved for the analysis: Standard Instrument Departure
(SID), Standard Terminal Arrival (STAR), and Instrument
Approach Procedure (IAP). The subjective narrative was
reviewed carefully in order to extract as much information as
possible about the event.

Field Filter Criteria

Date of Incident Jan 2004 - Jan 2010

Keyword RNAV, RNP, Chart, Approach, SID, STAR, DP, IAF,
FAF

Event Anomaly Airspace Violation, ATC issues, Conflict (airborne,
NMAC), Deviation - Altitude, Deviation - Procedural,
Deviation - Speed, Deviation - Track/Heading

Flight Phase Takeoff, Initial climb, Climb, Descent, Initial
Approach, Final Approach, Landing

Table 1. Criteria used to search the ASRS database.

Each ASRS report was reviewed independently by two
researchers. The reviewers determined whether the flight
deviation that occurred was in the Lateral, Vertical, or Speed
domain(s). Lateral issues included deviations in track or
heading. Vertical issues pertain to altitude deviations. Speed
deviations are less common than altitude deviations because
speed is typically only a constraint below 10,000 ft altitude.
Reviewers could assign more than one domain to a given
report if multiple deviations occurred.

The reviewers also iteratively created a list of recurring
problems that contributed to the event. The first iteration of
the list of issues included the four broad categories that were
used by Barhydt and Adams (2006b): automation, air traffic
control, airline operations, and procedure design. However,
this categorization proved to be too general given the large
number of cases in the data set (285). Therefore, more specific
issues categories were constructed. For example, procedure
design issues were subcategorized based on their relation to:

e Chart Format (e.g., single page, fold-out, multiple pages)

* Chart Density (large amount of information on the chart in a
small space)

* Graphic (visual depiction of the procedure)

" Notes (confusion with text description or procedure notes)

* Complexity (difficult to fly, e.g., hard bank angles required)

* Waypoint Constraints (depiction of altitude and other
constraints at the waypoint)

e Other (miscellaneous chart confusion, unable to categorize)

To complete the analysis, ratings between researchers were
reconciled and recurring problems were tallied.

RESULTS AND DISCUSSION
Of the 285 reports identified in this review, 202 pertain to
departures, 69 pertain to arrivals, and 14 pertain to instrument
approaches. The bulk of reports (235, or 82%) were from Title
14 Code of Federal Regulations (CFR) Part 121 operators
(scheduled airline carriers). Just two reports were from Title
14 CFR Part 135 (charter/air taxi) operators and 45 were from
Title 14 CFR Part 91 (private) operators. Although we
requested reports through 2010, the most recent event
retrieved was from April 2009, likely because of the delay in
processing reports for the public database.

A large number of the reports in our set (41%) were filed in
2006. This was, coincidentally, the same year that ASRS
published its own brief analysis of the Dallas-Fort Worth
RNAV departure procedures (NASA, 2006). Many of the
reports in our data set (88) are from the Dallas-Fort Worth
region as well. This pattern may mean that: (a) Dallas-Fort
Worth is an especially problematic region, (b) the ASRS team
may have preferentially processed reports of RNAV procedure
issues from Dallas-Fort Worth in 2006, or, (c) both.

Overall Results
Figure 1 below shows the number of reports classified in
terms of the flight deviation domain, by type of procedure. Of
the 202 departure-related reports, 175 involved lateral
deviations (87%). For arrival procedures and approach
procedures, deviations in the vertical domain were more
frequent. Thirty reports out of the 69 arrivals (43%) and 12
out of 14 (86%) approach procedure deviations were in the
vertical domain. (Note that because a single event could be
assigned multiple domains, the sum of cases shown in Figure
1 is greater than the total number of cases.)
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Figure 1. Deviations reported for each type of procedure
categorized by Vertical, Lateral and Speed domain.

Figure 2 shows the number of cases for each chart and
procedure design issue subcategory, as described earlier. A
total of 59 cases of procedure design issues were identified. A
single ASRS report could have generated more than one of
these issues.
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Figure 2. Frequency of procedure design issues across
departures, arrivals, and approaches.

Waypoint Constraints were the most common problem across
all procedures (21 reports). Examples include (a) confusion
about the waypoint constraint and (b) not being able to
conform to the depicted altitude or speed restriction. The
second most common problem was with notes depicted in the
procedure. In many of these cases, pilots reported being
confused by the text descriptions of procedures that
accompany the visual depiction. In six cases pilots reported
issues with multi-page or fold-out chart formats. Less
frequently observed issues related to procedure design include
chart density, graphic depiction in charts, and procedure
complexity.

Figure 3 shows a histogram of departure procedures issues.
Four issues were categorized: A TC Direct To and Resume,
Climb Direct, Dropped Transition Waypoints, and Chart &
Procedure Design. A significant number of incidents related
to departure procedures were reported by S80 crews, perhaps
due to the high percentage of S80 operations out of Dallas-
Fort Worth.

The most common issue was Dropped Transition Waypoints
(30%). This refers to the fact that waypoints were sometimes
dropped from the flight path in the Flight Management System
(FMS) for unknown reasons. This issue was mentioned in the
NASA Callback newsletter (NASA, 2006). The suggested
solution was for pilots to check and recheck that all transition
waypoints are in the system, especially if Air Traffic Control
(ATC) changes a clearance.

Dropped Transition Waypoints may occur in combination
with a change in the ATC clearance, such as the Direct to and
Resume, a last minute change of departure runway, or a Climb
Direct after departure. These clearances usually result in an
off-path vector by ATC during climb out, with a subsequent
resumption of the SID from a downstream waypoint. This
problem was observed in 24 reports (11%).

During pre-flight, flight crews follow strict procedures in a
relatively undistracted environment to check and recheck SID
waypoints and waypoint constraints to ensure they match the
chart. This task may not be easy if the chart has high
information density or clutter. When the programmed route
has to be modified in the high-workload dynamic environment
present in the terminal area climb out, additional tasks
including flying the aircraft, monitoring ATC and traffic,
deciphering detailed charts, and other distractions can
preclude a thorough recheck of the procedure. In particular the
recheck of downstream waypoint constraints may be "hidden"
in a subsequent Control Display Unit (CDU) page.

ATC may issue off-path vectoring for the purpose of
shortening the path, separating traffic, or some other
anticipated benefit. This however, must be balanced against
the workload spike associated with in-flight FMS route
modifications during dynamic phases of flight, which results
in a higher risk of dropping waypoints and other errors. It may
be worth investigating the human factors issues and
cost/benefit tradeoffs of always requiring the procedures to be
"flown as depicted", or evaluating whether
procedure/depiction modification would facilitate re-
acquisition of the programmed route at downstream
waypoints, while minimizing trajectory errors.

Chart & Procedure Design issues, which were discussed
earlier in the context of all procedures, are also shown in
Figure 3 for departure procedures only. Approximately half of
the overall Chart & Procedure Design issues occurred in
departure procedures.

Departure Procedure Issues
As mentioned earlier, the most frequent issue with departures
was related to flight track/heading, that is, the lateral domain.
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Figure 3. Departure procedure issues

Arrival Procedure Issues
As mentioned earlier, the most common problems with
arrivals are related to altitude, that is, the vertical domain.
Figure 4 shows a histogram of arrival procedure issues: ATC
"Descend Via" Clearance, Clearance Amendments
NOTAMS, and Chart & Procedure Design.
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Figure 4. Arrival procedure issues

The most common issue was Chart & Procedure Design
(43%). This issue was discussed in detail in the previous
section. Approximately 50% of reports related to Chart &
Procedure Design were reported for arrival procedures.

The second most common issue was ATC "Descend Via"
Clearances (30%). This usually resulted in a pilot deviation
for missed crossing restrictions when using ATC phraseology
to "descend via" a procedure.

Pilots were confused by the "descend via" phraseology in
several reports. As one pilot wrote:

"In talking with many other pits about RNA V ARRIDEP
procedures it has become cr to me that there is a lot of
confusion in general as to what is expected offit crews. It
seems the more I talk to people who have been airline plts a
lot longer than me, I become even more confused with the
subject. I keep getting 20 different answers from other pits
and ctlrs and pits who have talked to ctIrs. Ifeel FAA should

really provide some guidance and take away the ambiguity
from procs " (ACN 783805, 2008).

Another set of issues are Clearance Amendments & NOTAMS
where modifications are made to the published procedure by
the use of Notice To Airmen (NOTAM) or via ATC vectoring.
A clearance amendment given mid-flight (in many cases) has
caused pilot distraction or pilot confusion and increased
procedural complexity. For example, one pilot reported that:

"the NOTAM changes many of the crossing restrs, and it is
typical to get a dsnd via clrnc on this arr. I then read the
changes to the capt and he entered them into the FMS. This
distracted the capt from entering the new alt into the alt
alerter, and me from verifying it... A few minutes I looked up
at the mfd and realized we were....and still at FL220. I
informed capt, he said he was unaware of receiving the
crossing restr. We queried ATC, and were vectored of the
arr and given a descent" (ACN 803827 2008).

Approach Procedure Issues
Of the 285 reports in our data set, only 14 pertained to
approaches. Twelve of these 14 indicated vertical deviations
(85%). Seven of the 14 had a deviation in altitude at the final
approach fix. Twelve of the 14 reports were from Part 91
operators. There were no particular identifiable trends among
these 14 reports. The reason that so few approaches were
identified in this data set may be because RNP approaches are
typically specially authorized for particular aircraft and
require aircrew training. These are relatively new procedures
that receive limited usage by just a few airline operators.

SUMMARY AND CONCLUSIONS
New RNAV and RNP procedures are being developed and
integrated into operations at a rapid pace. These new
procedures create both opportunity and challenges. The
introduction of these complex procedures has resulted in the
emergence of several human factor issues.

Two key issues documented in the ASRS database are: (a) for
departure procedures, deviations in the lateral domain such as
dropped transition waypoints in the FMS and ATC off-path
vectoring, (b) for arrival procedures, deviations in the vertical
domain where altitude restrictions were not met due to
confusion with "descend via" clearances given by ATC and
amendments creating modifications to the already complex
procedures. Data on approach procedures was too limited to
make any strong conclusions.

Although the issues found in this analysis are not all
specifically related to RNAV, they are exacerbated by the
increasing implementation of RNAV procedures. Going
forward, more complex procedures will be developed and
resolutions for these issues should be identified for future
implementations. The analysis revealed that the reported
problems were a combination of pilot, ATC, aircraft
automation, and procedure design. Thus, an integrated
solution will be required.
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Appendix B1: Aeronautical Charting Forum Issue Paper # 10-01-294

AERONAUTICAL CHARTING FORUM
Instrument Procedures Group

April 27, 2010

History Record

FAA Control # 10-01-294

Subiect: RNP SAAAR Intermediate Segment Length and ATC Intervention

Background/Discussion: ATC is increasing the use of direct-to-the-IF to either expedite
the IAP, or because of intervention for spacing, sequencing, etc. The limit imposed on
ATC is a 90 degree course change at the IF, thus the presumption for procedure design
purposes is a 90-degree course change fly-by at the IF. In most RNAV lAPs, the width and
the length of the intermediate segment is sufficient to accommodate a 90-degree course
change fly-by of the IF (DTA and recovery to centerline). But, where there is one, or more
intermediate segment step-down fixes then the distance between the IF and the first
segment step-down may be insufficient to accommodate DTA and recovery to centerline.

Much more significant, though, is the issue of the intermediate segment length and width in
RNP SAAAR lAPs. The RNP SAAAR criteria specify a standard intermediate segment with
of 2 miles, centerline to edge (2 X 1.0 RNP), and a minimum segment length predicated only
on the magnitude of course change (if any) at the IF. This is the pertinent criterion from
FAAO 8260.52:

RNP SEGMENT LENGTH. Design segments with sufficient length to accommodate
the required descent as close to the OPTIMUM gradient as possible and DTA (see
paragraph 1.13) where turns are required. Minimum straight segment (any segment)
length is 2xRNP (+DTA as appropriate for fly-by turn constructions). Paragraph 2.8
applies where RNP changes occur (RNP value changes 1 RNP prior to fix). The
maximum initial segment length (total of all sub segments) is 50 NM.

If there is no course change at the RNP SAAAR IF the intermediate segment minimum
length could be very short, and not nearly able to accommodate an ATC-imposed significant
course change at the IF. Further, where obstacles or other critical conditions dictate, the
RNP SAAAR intermediate segment width could be as little as 2 X 0.10 RNP (2/10 of 1
nautical mile). (Ref: FAAO 8260.52, Table 1-1)

This issue was presented to the PARC by NBAA and supported by the RNP SAAAR
charting working group. The PARC steering committee subsequently supported the issue
and requested that NBAA bring it before the ACF-IPG as the proper medium for discussion
and resolution of the criteria issues.

Finally, the ACF-IPG has determined in Issue 96-01-166, "Determining Descent Point of Fly-
by Waypoints" that descent at the bisector of the fly-by is acceptable. Because of the
constraints of RNP containment area widths, decent at the bi-sector is not acceptable in
RNP SAAAR lAPs except where designed into the procedure; i.e., course change at charted
TF-to-TF segments.
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Recommendations: The length of the RNP SAAAR intermediate segment must be
sufficient to accommodate a "worst case" ATC-directed course change of 90 degrees, which
length must include DTA for a 90-degree course change, recovery of Performance Based
Navigation (PNB) and recovery of the vertical profile and stabilized flight prior to the final
approach segment. Because ATO is currently proposing to provide direct-to-the-IF
clearances in both radar and non-radar environments, the design criteria presumption must
be a non-radar environment.

Where an RNP SAAAR IAP has multiple intermediate segments, one of these intermediate
segments must be a TF leg aligned with the final approach segment (or at least the first
portion of the final approach segment) and must be of sufficient length to accommodate the
issue set forth in this issue paper. The other intermediate segments in a multiple
intermediate segment RNP SAAAR lAP may be of any length; however, ATC needs to be
and trained to provide direct-to clearances only to the straight segment IF.

Order 8260.52 criteria needs to be changed to provide criteria to resolve the issue
presented in this issue paper. ATO needs to provide training to controllers on which IF is
the appropriate IF for direct-to clearances in multiple intermediate segment RNP SAAAR
lAPs.

Further, Order 8260.54A criteria needs to be reviewed to determine whether intermediate
segment criteria is sufficient to accommodate ATC-directed 90-degree course changes at
the IF, particularly where the procedure itself does not have 90-degree course changes at
the IF designed into an RNAV IAP. Distance to intermediate segment step-down fixes must
also be considered in RNAV IAP design criteria.

Comments: This issue affects FAA Orders 8260.52 and 8260.54A. It also affects present
and pending ATC directive material for direct-to-the IF clearances.

Submitted by: Richard J. Boll 11
Organization: NBAA
Phone: 316-655-8856
FAX:
E-mail: richard.boll(alsbcqlobal.net
Date: April 2, 2010

Initial Discussion - Meetinq 10-01: New issue introduced by Rich Boll, on behalf of NBAA.
ATC is increasing the use of direct-to-the-IF clearances to either expedite the approach or
because of ATC required intervention due to traffic sequencing. Current guidance allows up
to a 90 degree intercept at the IF for RNAV lAPs. However, NBAA is concerned that
applying the 90 degree intercept on RNP SAAAR may compromise obstruction clearance
and flyability for RNP approaches with shortened intermediate segments and reduced
procedure design widths for obstacle containment. This issue was previously presented to
the PARC by NBAA and is supported by the PARC RNP SAAAR charting working group.
The PARC steering committee subsequently supported the issue and requested that NBAA
bring it before the ACF-IPG as the proper medium for discussion and resolution of the
criteria issues. NBAA is recommending that criteria in Orders 8260.52 and 8260.54A be
reviewed to ascertain whether intermediate segment length requirements are sufficient for
ATC directed 90 degree direct-to clearances. Tom Schneider, AFS-420, briefed the
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following update as received from Jack Corman, AFS-420's lead RNAV criteria specialist,
who performed a preliminary review of the issue : "Unless the entire Intermediate Segment
altitude is at or above the MVA, we cannot guarantee obstacle protection for turns in excess
of approximately 60 degrees unless the evaluation area is expanded. Work has started on
determining the magnitude of expansion required. When draft criteria is written, it will enter
the US-IFPP approach working group coordination process. Expect signed revised criteria
in 60-90 days if standard coordination is required." Brad Rush, AJW-372, showed several
examples of approaches where allowance for a 90 degree turn at the IF will require
increased intermediate segment lengths. Tom stated the issue would be forwarded to the
US-IFPP for consideration. ACTION: AFS-420 (US-IFPP)

Meeting 10-02: Tom Schneider, AFS-420, briefed the following from Jack Corman, the
AFS-420 TERPS RNAV criteria specialist:

"The October 2, 2009 memorandum on RNAV segment length identifies design
length limitations in Order 8260.54A. Order 8260.52 contains RNP SAAAR
segment length limitations. Both Orders are subject to the "up to 90 degree
intercept clearance" authority assumed in 7110.65. However, the Order 7110.65
ATC allowance of clearance direct to join an RNAV approach procedure at fixes
following the IAF at intercept angles up to 90 degrees may result in a turn that
the designed segment length was not intended to accommodate. In these
instances, air traffic will assure obstacle clearance is not compromised through
use of radar and other mechanisms. AFS-420 discussed this with ATC at length
and they satisfied our concerns when the segment RNP value was 1.0 or greater.
If < 1.0, amendment action or statement of ATC accepting obstacle clearance
responsibility is required.

The AFS concerns were centered on 2 problems: 1) Inadequate segment length
to accommodate the turn, and 2) Descent into unevaluated airspace.

1. Radar monitoring is required. Controllers are trained to take action when they
observe gross deviations from prescribed paths. This training and expected
reaction is inherent to the radar controller discipline. The controller would
intervene to maintain altitudes at or above MVA and provide vectors back toward
the course or re-sequence the aircraft. Although Flight Standards may and does
provide input, controller responsibilities and the ATC discipline is under the
purview of the ATO through Order 7110.65. All changes go through a SMS
process with Flight Standards representation to assure safety

2. These are direct clearance to the IF or fixes between the IF and PFAF. The
segment width is +/- 2 NM. Turn radius should be in the vicinity of 2.5 to 3.5 NM
( example airport at 4000, aircraft at 6000 ). At a 90 degree turn, the DTA is
equal to turn radius. If descent commences at the bisector, and the turn radius
was as large as 4 miles, descent out of the intermediate minimum altitude would
occur at or just slightly before crossing the segment boundary. The MVA ROC is
1000, intermediate segment ROC is 500. If the area was expanded to evaluate
the turn, at least 500 feet ROC would exist. The probability of obstacle conflict is
very, very low.
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For RNP values <1.0, segment half width would decrease, but the DTA stays the
same. We are not yet comfortable with allowing the operation with less than a 2
NM half-width without expanding the OEA and evaluating the area."

Gary Fiske, AJT-28, stated that ATC will radar monitor all "direct to" clearances; however,
they do not care what RNP value is designed in the procedure. The MVA altitude at the IF
where the turn commences provides 1,000 feet of ROC, twice the intermediate segment
requirement of 500 feet. Tom stated this represents a disagreement between ATC and AFS
that the US-IFPP must address. ACTION: AFS-420 (US-IFPP)

Meeting 11-01: Tom Schneider, AFS-420, briefed the following update as received from
Jack Corman, the AFS-420 lead RNAV criteria writer: The following is the US-IFPP's latest
proposal, but no one has authorized us to go forward and issue a NOTICE detailing the
evaluation. "Where (if) ATC assumes obstacle clearance responsibility with radar
monitoring until the aircraft is established on the inbound course, there is no objection.
Without ATC accepting obstacle clearance responsibility until the aircraft is established on
course, RNP values <1.0 must be successfully evaluated prior to "direct-to" clearance
application." Tom noted that at the last meeting the Terminal Service Unit representative
(Gary Fiske, AJT-28) stated that "ATC will radar monitor all "direct to" clearances; however,
they do not care what RNP value is designed in the procedure. He asserted that the MVA
altitude at the IF where the turn commences provides 1,000 feet of ROC, twice the
intermediate segment requirement of 500 feet." This represents a disagreement between
ATC and AFS that the US-IFPP must address. The Executive Director of the US-IFPP will
keep the ACF-IPG apprised of the issue status. ACTION: AFS-420 (US-IFPP)

Meeting 11-02: Tom Schneider, AFS-420, briefed the following update as received from
John Bordy, AFS-420 (ISI), the specialist assisting in addressing the ATC response as
endorsed by Jack Corman, the AFS-420 lead RNAV criteria writer: "The latest iteration of
the draft Document Change Proposal (DCP) to Order 7110.65, paragraph 4-8-1 requires
ATC to radar monitor any "direct-to" application associated with a clearance for an RNAV
(RNP) approach. This requirement will be valid for all RNAV (RNP) approaches, without
regard to the RNP value of the segment associated with the fix used for the "direct-to"
clearance. AFS-420 is satisfied with the language of the DCP and recommends closure of
this item". Terry Pearsall, AJT-28 briefed that the Safety Risk Management Decision
(SRMD) was uncontested. The group consensus was to leave the issue open until the
change is published in JO 7110.65. AJT-24 will track the DCP change until published.
ACTION: AJT-24.
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Appendix B2: PARC RNP Charting WG Recommendations

PARC RNP Charting WG

Recommendations on RNP SAAAR Instrument Approach Procedure (IAP) Chart Clutter

Introduction

The PARC RNP Charting WG was tasked to review RNP SAAAR charts and provide a set of
recommendations that if implemented, should result in uncluttered and operationally usable
charts. This tasking was generated as a result of user complaints about the clutter and difficulty
in reading RNP SAAAR charts for Boise (BOI) and Raleigh-Durham (RDU). See appendix for
examples.

Scope

The WG recommendations apply to fixed wing RNP SAAAR IAP charting. Helicopter charts
were not addressed and no recommendations are made for helicopter charting. SID and STAR
charting was not evaluated. Procedure design criteria in FAA Order 8260.52 and AC 90-101
requirements were deemed out-of-scope. Information contained in FAA Order 7110.65 and
individual charting manufacturers' specifications were also considered out-of-scope.

Overview

The working group determined that inappropriate implementation of criteria can result in chart
clutter and other unintended consequences. The group did not identify a deficiency in the
8260.52 criteria that needed addressing to resolve chart clutter issues. The recommendations in
this document, if implemented, are intended to reduce chart clutter. Stakeholders involved in the
procedure design process e.g. air traffic, lead operators, and procedure design specialists
should be aware of the recommendations contained in this document. During discussion issues
were identified that were out-of-scope that the group believes need addressing for a successful
implementation of RNP SAAAR operations. These issues are documented in the Annex to this
paper.

Recommendations

1. Additional Human Factors research reguired. The group recognized during the
deliberations that there was limited research data on how, when, and why pilots use
various elements on a chart, particularly when some of those elements are also
available on a Navigation Display (Moving Map) or on the Flight Management System
(FMS) display. The consensus was that further research was required and it was agreed
that one of the principle recommendations should be that the PARC should encourage
the FAA to fund and support Volpe human factors research in this area.

2. Charting implications should be considered during procedure design. Procedure
designers should consider chart clutter implications at an early stage during the
procedure design process. One means of achieving this objective is to use the
recommendations in this paper, in conjunction with the use of advanced procedure
graphics.
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3. Procedures should be able to be depicted uncluttered on a standard size U.S.
government chart. Charts larger than the standard U.S. government charts are not to be
required or assumed by the procedure designer as a means of alleviating chart clutter.

NOTE: Chart producers retain the option of using larger charts or split charts (where the
procedure depiction is broken into two or more pages) when desired.

4. Procedures that split into two separate paths that reioin at a downstream point shall not
be developed. An example of this type of procedure is provided below.

NOTE: This issue pertains more to procedure design and implementation than to chart
clutter.
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5. RNAV STAR considerations when designing RNP SAAAR lAPs. RNAV STARs should
be considered during Instrument Approach Procedure (lAP) design. Developing RNAV
STARs in conjunction with RNAV SAAAR approach procedures can reduce the length
and/or number of legs on the lAP and thereby reduce approach chart clutter.

6. RNAV STARs developed in conjunction with RNP SAAAR lAPs. STARs designed in
conjunction with RNP SAAAR procedures should be available to all users i.e. they
should be RNAV-1 or RN P-I.

7. Suffixed Procedure Option (e.g. KPSP RNAV (RNP) Y Rwy 13R, KPSP RNAV (RNP) Z
Rwy 1 3R). When a procedure has an excessive number of transitions or legs it may be
divided into two or more suffixed procedures. This option should be used sparingly and
only after other more desirable alternatives have been considered (e.g. use of RNAV
STAR).

123



8. A single Intermediate Fix (IF) results in the simplest charting option. During procedure
design using a single IF normally results in the simplest charting product. Providing
guidelines on when multiple IFs are acceptable or beneficial was deemed out of scope
for this charting group.

9. Multiple IFs are restricted to RNP SAAAR procedures.

10. Do not depict an Intermediate Segment in the Profile View when Multiple IFs exist.
(Exception: Electronic Charting, see recommendation #12 in this paper). When multiple
Intermediate Fixes (IFs) are required in RNP SAAAR procedures the Profile View will not
include a depiction of the Intermediate Segment.

Note: This recommendation should be evaluated during the proposed Volpe research
which will review both RNP SAAAR and non-SAAAR RNP approaches.

11. Depict the Intermediate Segment when there is a single IF. The Intermediate Segment
should be depicted in the Profile View when there is a single IF.

12. Electronic Charting Options. Electronic, data driven charts have the potential to
dynamically display the entire Intermediate Segment Profile View based on the IAF/IF
selected. Therefore, even when multiple IFs exist electronic charts can provide the
flexibility to depict the single Intermediate Segment Profile View associated with the
selected IF. Electronic charts should not be restricted from depicting the applicable
Intermediate Segment when the system has the capability to do so.

Annex

This section documents the issues that were considered out-of-scope for charting but that
needed to be addressed for a successful implementation of RNP SAAAR.

Issue 1. Direct to IF clearances

ATC can issue clearances to proceed direct to the IF involving a turn of up to 90*. (FAA Order
7110.65 states "Established on a heading or course that will intercept the initial segment at the
initial approach fix, or intermediate segment at the intermediate fix when no initial approach fix is
published, for a GPS or RNAV instrument approach procedure at an angle not greater than 90
degrees.") Turn anticipation and subsequent roll-out on course between the IF and PFAF may
require up to approximately 1 - 3NM (depending on ground speed and aircraft bank angle).

The group recognized that placing an IF close to the PFAF may lead to operational problems
because there is inadequate harmonization between the current guidance in 7110.65 and
8260.52. An IF may be located as close as 0.6 NM from the PFAF in an RNP SAAAR
procedure. A Category D aircraft cleared direct to the IF for an approach (on a 90* intercept
angle) will not roll out and be within the acceptable cross track tolerance until after the PFAF
(and in the Final Segment). This has operational implications because a vertical path (starting
no later than the PFAF) is a feature of RNP SAAAR. Thus, in this example the aircraft will either:
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a) Commence the vertical path descent when possibly outside of TERPS protected
airspace and not fully established on a segment of the approach or,

b) The pilot will delay the descent until within acceptable cross track limits and then be
high-on-profile (and outside of the +/- 75' tolerance required in AC 90-101).

Additional issues involving the Minimum Vectoring Altitude (MVA) relationship with the IF
altitude and other elements also require consideration. An in-depth presentation of the issue
was presented to the PARC on Thursday 25 February 2010 by the NBAA. The PARC concluded
that this issue will be forwarded to the Instrument Procedures Group (IPG) of the Air Charting
Forum (ACF).

Resolution of this issue was beyond the scope of the RNP Charting WG.

Recommendation: The PARC should forward this issue for resolution to the FAA.
NOTE: This issue has previously been raised - see reference ATPAC AOC1 02-2.

Issue 2. Vectoring to extended straight-in

There was concern that if an aircraft was vectored off a procedure and then vectored to
intercept the procedure path prior to the PFAF it could be more difficult to determine the
minimum step-down altitudes and location of fixes prior to the PFAF using only the Plan View.
This could be problematic if the pilot used a "direct intercept to" function on the FMS and
eliminated step-down fixes located in the straight-in Intermediate Segment.

Recommendation: Issue should be forwarded to FAA ATO/AFS to determine whether additional
guidance or training is required for Air Traffic Controllers and/or pilots.

Issue 3. Aircraft Displays.

The group recognized that the additional training requirements inherent to RNP SAAAR and the
more advanced flight deck displays that typify RNP SAAAR approved aircraft can mitigate the
absence of a Profile View depiction of the Intermediate Segment. (A detailed discussion of the
AC 90-101 display requirements and acceptable deviations from the requirements was deemed
important but beyond the scope of this group). The group believed that the importance of the
Intermediate Segment chart depiction was significantly higher when flying procedures on aircraft
that lack adequate Navigation Displays, moving maps, and/or FMS'.

Recommendation: The Volpe human factors research should investigate the relationship and/or
mitigation provided by 'advanced' cockpit displays that provide significant procedural charting
information e.g. altitudes at waypoints, etc. A question that needs addressing is whether the
absence of an Intermediate Segment Profile View depiction is acceptable for non SAAAR
operations. Ideally the research may indicate whether aircraft with moving map displays mitigate
the absence of an Intermediate Segment Profile View.

Issue 4. Weighing the benefits between single and multiple IFs.

Weighing the benefits gained from the use of multiple IFs versus a single IF against the
increased charting and/or operational complexities of multiple IFs. The group recognized that
this issue was out-of-scope. Additionally, the group membership lacked key stake holders to
resolve this issue. There were significant differences of opinion on the relative merits and
benefits of procedures with multiple or single IFs.
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Recommendation: Additional information regarding the use of multiple IFs should be included in
procedure design guidance. The PARC should either forward this issue for resolution to the FAA
or coordinate with the FAA to delegate the issue to a PARC WG for resolution.

Issue 5: Non-SAAAR application of multiple IFs

It is unclear if FAA Order 8260.54A permits the use of multiple IFs in RNAV (GPS) procedures.
Traditionally RNAV (GPS) procedures have been designed with a single IF. Recommendation
#9 restricts multiple IFs to SAAAR which may be more restrictive than the criteria in 8260.54A.

Recommendation: After the Volpe human factors research is completed, recommendation #9
should be revisited by the FAA/PARC to determine whether criteria in 8260.54A needs revision
or whether the employment of multiple IFs in non-SAAAR procedures is acceptable.

Recommendations submitted to the PARC on 12 March 2010.

Pedro Rivas
PARC RNP Charting WG Lead

Appendix
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BOISE, IDAHO

APP CRS R 'y idg 9763
pTDZE 285280 Apt Elev 28711

v'

AL-57 (FAA)

RNAV (RNP) Z RWY 28L
BOISE AIR TERMINAL (GOWEN FiELD) (BOI

GPS required. For unompensated Boro-VNAV systems, procedure NA MALSR MISSED APPROACH: mb to 6000
below 4C (7*) or above 42C (107*F). For inoperative MALSR 8 v track 280* to JIMMId bold,
increase RNP 0.15 and RNP 0.25 vis'bibly to RVR 6000, and RNP 0.30 to 1% . 1 1 continue dlmb-in-fold to 6000.

ATIS BOISE APP CON BOISE TOWER ND CON CLNC DEL
123.9 290A 119.6 269.4 116.1 257.8 121.7 348 125.9 323.2

MISSED APCH FIX (

5 NM {l*8

PRM O ,, 2913± 3 (0.6)
(RNP.3) 0)(RFREQR RW2L U

111*(26.8) (F2993± 7, (19)

~UBAS ZOVAM 1
CI6 L

084(27.8) 180 KIAS 280

CADK, EM0(.1 NEWKU'..

(RNP 0.30) Max 1 ) UKIA5 3282

(B EQ)(IF) 00 -8 RNO

(RNP 030) Procedure NA Fo d ad t REO
(RF REQD) vi9wY11 3 southwest bound. C AN

ELEV 2871 R (3\A),

6I) H I 3 0 00 HOS)

TWR

2908

2887

2858 /

28L

REII. Rnq 101L
TDZ/CL R 0Rs IOR and 28L
HIRL Rwys 1 OL-28R and 1 OR-28L

BOISE, IDAHO
Orig Pr-pub

L MM7 39 00 Turn NAI. ~jProcedure

RW28L 3900

GS 3.00*

TCt 5
A Be C

3228/40 370 (400-4)
CATEGORY

RNPO.15 DAI
RNP O25 DA3250/50 392(400-1)

RNP O.30 DA~ 3315/60 457(500-1%)

SPECIAL AIRCRAFT & AIRCREW
AUTHORIZATION REQUIRED

D

BOISE AIR TERMINAL (GOWEN FIELD) (BOI)
43*34'N-116*13'w RNAV (RNP) Z RWY 28L
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RNAV (RNP) Z RWY 23R
RALEIGH-DURHAM INTL (RDU)

F2 MISSED APPROACHc b to 3000 via
LY I ftock 232 o SCHOO and hold.
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RALEIGH/DURHAM, NORTH CAROLINA RALEIGH-DURHAM INTL (RDU)
Orig 09239 35*53'N-78*47'W RNAV (RNP) Z RWY 23R



Appendix C: List of Procedures Analyzed for Chart Review

Cl: Approach Procedures Analyzed for Chart Review

Problematic Group (18)

Scottsdale (SDL)
RNAV (RNP) RWY 21
RNAV (RNP) Y RWY 3
RNAV (RNP) Z RWY 3

Boise (BOI)
RNAV (RNP) Z RWY 10L
RNAV (RNP) Z RWY 1OR
RNAV (RNP) Z RWY 28L
RNAV (RNP) Z RWY 28R

Palm Springs (PSP)
RNAV (RNP) Y RWY 13R
RNAV (RNP) Y RWY 31L
RNAV (RNP) Z RWY 13R

Rifle (RIL)
RNAV (RNP) Z RWY 8
RNAV (RNP) Y RWY 26

Bozeman (BZN)
RNAV (RNP) Z RWY 12
RNAV (RNP) RWY 30

Lewiston (LWS)
RNAV (RNP) RWY 30
RNAV (RNP) Z RWY 8
RNAV (RNP) Z RWY 12
RNAV (RNP) Z RWY 26

Baseline Group (45)

Atlanta (ATL)
RNAV (RNP) Z RWY 8L
RNAV (RNP) Z RWY 8R
RNAV (RNP) Z RWY 9L
RNAV (RNP) Z RWY 9R
RNAV (RNP) Z RWY 10
RNAV (RNP) Z RWY 26L
RNAV (RNP) Z RWY 26R
RNAV (RNP) Z RWY 27L
RNAV (RNP) Z RWY 27R
RNAV (RNP) Z RWY 28

San Francisco (SFO)
RNAV (RNP) Y RWY 28R
RNAV (RNP) Y RWY 1OR

Baltimore-Washington (BWI)
RNAV (RNP) Z RWY 10
RNAV (RNP) Z RWY 15R
RNAV (RNP) Z RWY 28
RNAV (RNP) Z RWY 33L

Cincinnati-Covington (CVG)
RNAV (RNP) Z RWY 18C
RNAV (RNP) Z RWY 18L
RNAV (RNP) Z RWY 18R
RNAV (RNP) Z RWY 27
RNAV (RNP) Z RWY 36C
RNAV (RNP) Z RWY 36L
RNAV (RNP) Z RWY 36R
RNAV (RNP) Z RWY 9

Washington National (DCA)
RNAV (RNP) RWY 19
RNAV (RNP) RWY 1

Dallas-Fort Worth (DFW)
RNAV (RNP) Z RWY 13R
RNAV (RNP) Z RWY 31L
RNAV (RNP) Z RWY 31R

Washington Dulles (IAD)
RNAV (RNP) Z RWY 1R
RNAV (RNP) Z RWY 1C
RNAV (RNP) Z RWY 19L
RNAV (RNP) Z RWY 19C

Fort Lauderdale (FLL)
RNAV (RNP) Y RWY 09L
RNAV (RNP) Z RWY 09R
RNAV (RNP) Z RWY 27R

129



130

La Guardia (LGA)
RNAV (RNP) Z RWY 22
RNAV (RNP) Z RWY 04

Chicago Midway (MDW)
RNAV (RNP) Y RWY 13C

Miami (MIA)
RNAV (RNP) Y RWY 08R
RNAV (RNP) Y RWY 12
RNAV (RNP) Y RWY 26L
RNAV (RNP) Y RWY 27
RNAV (RNP) Y RWY 30

Tampa (TPA)
RNAV (RNP) Y RWY 19L



C2: Departure Procedures Analyzed for Chart Review

Problematic Group (37)

Atlanta (ATL)
DAWGS FIVE
BRAVS SIX
CADIT SIX
COKEM FIVE
DOOLY FIVE
GEETK SIX

Boston (BOS)
WYLYY ONE

Baltimore/Washington (BWI)
TERPZ TWO

Dallas-Fort Worth (DFW)
NOBLY THREE
TRISS THREE
CEOLA FOUR
DARTZ THREE
FERRA FOUR
AKUNA THREE
CLARE TWO
JASPA TWO
LOWGN THREE
NELYN TWO
PODDE THREE
SLOTT THREE
SOLDO TWO
ARDIA THREE
BLECO TWO
GRABE THREE

Washington Dulles (IAD)
STOIC TWO

Las Vegas (LAS)
BOACH FOUR
COWBY FOUR
PRFUM TWO
SHEAD SEVEN
STAAV FOUR
TRALR FOUR

Los Angeles (LAX)
HOLTZ NINE

Miami (MIA)
WINCO ONE

Seattle (SEA)
HAROB THREE

Salt Lake City (SLC)
WEVIC TWO
LEETZ TWO

Baseline Group (15)

Cleveland-Hopkins (CLE)
ALPHE THREE

Cincinnati-Covington (CVG)
BNGLE THREE
HAGOL THREE

Newark (EWR)
PORTT TWO

Fort Lauderdale (FLL)
BAHMA TWO
THNDR ONE

George Bush Intercontinental/Houston (IAH)
GUSTIONE

John F. Kennedy (JFK)
SKORR THREE

La Guardia (LGA)
NTHNS ONE
TREEO ONE

Phoenix (PHX)
BARGN ONE
SMALLONE

San Diego (SAN)
POGGI TWO

Tampa (TPA)
BAYPO FOUR
GANDY FOUR
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PECOP TWO
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C3: Arrival Procedures Analyzed for Chart Review

Problematic Group (34)

Atlanta (ATL)
HONIE EIGHT
CANUK ONE
ERLIN NINE
FLCON SEVEN
HERKO SIX
PEECHY SEVEN

Boston (BOS)
KRANN ONE

Baltimore-Washington (BWI)
RAVNN THREE

Charlotte (CLT)
SUDSY FOUR
HUSTN TWO
JOHNS THREE
ADENA THREE

Washington National (DCA)
ELDEE FIVE

George Bush Intercontinental/Houston (IAH)
TXMEX ONE
ROKIT ONE

Washington Dulles (lAD)
BARIN ONE
SHANON TWO

Las Vegas (LAS)
GRNPA ONE
KEPEC TWO
TYSSN THREE
SUNST TWO

Chicago (ORD)
ROYKO THREE

Philadelphia (PHL)
GUNNI TWO

Phoenix Sky Harbor (PHX)
GEELA FIVE
KOOLY FOUR
MAIER FIVE
EAGUL FIVE

Salt Lake City (SLC)
SKEES THREE
QWENN THREE
NORDK THREE
LEEHY THREE
DELTA THREE

Baseline Group, (20)

Cincinnati-Covington (CVG)
SARGO TWO
TIGRR TWO

Houston (HOU)
COACH ONE
COLUMBIA ONE

Newark (EWR)
PHLBO TWO
FLOSI ONE

John F. Kennedy (JFK)
PARCH ONE

Orlando (MCO)
BAIRN TWO
PIGLT TWO

Memphis (MEM)
BEERT FOUR
TAMMY THREE

West Palm Beach (PBI)
WLACE TWO
FRWAY THREE

Pittsburg (PIT)
DEMME ONE
JESEY ONE

San Diego (SAN)
BAYVU ONE
LYNDI TWO

San Francisco (SFO)
YOSEM ONE

Tampa (TPA)
DADESTHREE
DEAKK THREE
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BEARR FOUR

Teterboro (TEB)
JAIKE THREE
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Appendix D. Summary Chart Review Data by Airport

D1: Approach Procedures

Number of Number of Number of Number of Distance
Airport Number of Number of Number of Number of waypoints waypoints RF legs Distance waypoints from FAF Number of Vertical

code IAFs IFs segments RF legs in from IAF between from IAF from IF to between to altitude profile
in MAP MAP to Runway IF to FAF to Runway FAF FAF to runway constraints starts with

runway

ATL 1 1 2.4 0 4.7 1 0 7.1 0 5.2 0 IAF

BWI 1.25 1 1 0 2.5 0.3 0 6.9 0 4.9 2.5 IF

CVG 1 1 2 0 4.1 0.9 0 6.7 0 4.6 0 IAF

DCA 2 2 1 0 3 0 2.5 4.7 2.5 5.3 0 IF

DFW 0.7 1 1.3 0.7 3.7 1 0 9.3 0 5.4 0 IF

FLL 2 1 1.7 0 3 0 0 6.2 0 5.8 2 IF

IAD 2 1 1.5 0 3.5 0 0.5 9.0 0 4.7 0 IF

LGA 1.5 1 1.5 0 4 0 0.5 7.3 1 4.9 0 IF

MDW 1 1 2 0 6 2 2 14.9 1 4.2 3 IF

MIA 2 1 2 0 4.1 1 0 9.3 0 4.9 0.8 IF

MSP 3 1 2 0 3 0 0 6.8 0 6.5 0 IF

SFO 1 1 2.5 0.5 4 0 0 5.8 1 5.6 0 IF

TPA 3 1 2 0 4.3 1 0 8.1 0 6 2 IF

BOI 8 5 1.5 0 6.1 2.9 6 11.8 0 3 0 FAF

u BZN 4.5 3.5 2.5 0.5 6.6 4 4.5 13.4 0 3.6 0 FAF

LWS 3.5 3.5 2.3 0.8 6.4 0.8 2 6.9 0.7 6.4 0 FAF

PSP 3.7 1 2.3 0.3 6.9 1.3 6 8 0.7 7.4 3.4 IF

RIL 3.5 1 4 1.5 6 1.5 2.5 10 1 6.8 0 IF

SDL 1.3 1 5 3 6 0.7 1.3 9.6 0.7 5.7 1.5 IF
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D2: Departure Procedures

'ATC Number of Mean
Airport Number 'At orAbove' 'Mandatory' 'AtorBelow' MEA MOCA Expect' speed Number of Total Path distance

Code of Paths constraints constraints constraints altitudes restrictions Waypoints Lengths between
waypoints

CLE 6 1 0 0 1 1 0 0 3 121 40.3

CVG 7 0.6 0 0 2 2 0 0 6.6 141.5 25.8

EWR 8 1 0 0 3 3 0.25 0 5 41 8.2

FLL 4.5 1 0 0 0 0 0.5 0.5 6 69.3 11.6

IAH 1 0 0 0 4 4 0 0 4 271 67.8

JFK 4 2 0 0 1 1 0 1 4 18 9

LGA 2.5 3 0 2.5 3.5 3.5 0 2.5 6.5 55.5 8.7

PHX 9 0 0 0 5.8 0 0 0.5 8.3 266 31.3

SAN 2 0 0 2 2 0 0 1 5 85 17

TPA 6 1 0 0 3.8 3.8 0 0 5.8 131.3 20.2

ATL 10 0.7 0 0 1 1 0 0.7 5.9 120.0 25.1

BOS 1 1 0 0 1 1 0 1 2 11 5.5

BWI 36 1 0 0 1.7 3.3 0 0.92 5.5 55.7 10.1

DFW 10.5 2.0 0 0 2.8 0 0 1 7.25 247.5 44.8

IAD 28 0 0 0 5.5 5.5 0 0 5.5 61.5 11.0

LAS 13.5 2.5 0.25 0.8 1.8 1.4 0.06 0.2 6.9 204.9 31.6

$ LAX 4 1 0 2 1 0 0 0 6.5 140 21.7

MIA 8 1 0 0 1 1 0 0.5 5 52 10.4

SEA 18 1 0 0 1 1 0 0 6.3 119.8 18.5

SLC 15 2.3 0.25 1 4.0 4.0 0.8 2 8.7 204.0 25.6

137



D3: Arrival Procedures

Airport Number 'At or 'Mandatory 'At or 'ATC Number of Number of Overall Distance Number of

Code of Paths Above constraints Below' MEA MOCA Expect' speed Waypoints Distance between holding
constraints constraints altitudes restrictions per Path waypoints points

CVG 1.5 0.0 0.0 0.0 3.5 0.0 3.0 1.5 10.3 278.5 27.9 3.3

EWR 13.5 1.5 1.0 0.0 5.8 0.0 1.0 2.0 12.0 197.3 16.4 3.7

FLL 4.0 0.0 0.0 0.0 5.1 0.0 2.3 1.5 8.9 172.4 19.5 2.1

HOU 10.0 0.0 0.0 0.0 7.3 0.0 1.0 1.0 10.3 222.7 21.3 1.2

IAH 11.7 0.0 0.1 0.0 6.2 0.0 1.0 1.1 7.3 189.6 26.7 1.0

JFK 24.0 0.0 0.0 0.0 5.4 2.7 3.3 0.0 7.1 175.2 24.3 2.7

MCO 2.5 0.0 0.0 0.0 4.9 0.0 1.5 1.0 8.4 126.5 15.3 1.3

MEM 4.5 0.0 0.0 0.0 3.6 0.0 2.0 0.0 8.3 198.1 23.7 2.9

PBI 4.0 0.0 0.0 0.0 5.4 0.0 2.3 0.0 9.4 198.7 20.0 2.4

SAN 3.0 3.9 0.5 1.0 6.3 4.0 0.5 1.0 7.4 108.8 14.9 0.4

SFO 2.0 0.0 0.0 0.0 4.0 0.0 3.0 0.0 8.0 210.5 26.3 0.0

TPA 5.0 0.0 0.0 0.0 3.7 0.0 1.0 0.4 6.3 111.9 18.6 1.5

ATL 14.8 1.0 2.3 0.0 3.8 0.0 0.2 1.8 11.1 267.1 24.0 2.7

BOS 3.0 3.0 5.3 0.0 5.3 0.0 0.0 2.7 13.7 191.3 14.1 1.0

BWI 6.0 0.5 3.5 0.0 6.5 0.0 1.0 0.0 9.5 112.5 12.0 1.5

CLT 3.0 0.0 0.0 0.0 4.6 0.0 0.8 0.0 11.1 189.7 17.4 2.8

DCA 3.0 2.0 4.0 0.0 6.3 0.0 2.0 0.0 15.7 218.7 13.7 3.7

IAD 10.0 0.0 3.3 0.0 3.3 0.0 1.3 1.0 9.5 150.5 15.6 1.8

LAS 2.6 0.8 3.5 0.4 4.7 0.0 0.0 3.0 9.1 159.2 18.0 1.5

ORD 2.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 13.0 178.0 13.7 2.0

PHL 6.0 0.0 0.0 0.0 9.2 0.0 0.0 1.0 9.7 187.8 19.3 2.0

PHX 11.0 1.3 5.8 0.7 8.2 3.8 0.0 5.4 11.8 153.4 13.2 2.9

SLC 9.7 0.3 2.2 0.0 5.8 0.0 0.8 0.2 9.6 203.4 21.0 2.8

TEB 5.0 0.0 3.0 0.0 2.0 0.0 1.0 3.0 13.2 210.2 15.9 2.4
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Appendix E. Clearances and Questions used for the Information Retrieval Task

El: Clearances and Questions for Approach Procedures

Procedure Name Question Clearance Question
Type I

BOI:
RNAV (RNP) Z RWY 28L DISTANCE

You are cleared to Boise Air Terminal (BOI) for the
RNAV (RNP) Z RWY 28L via EMETT

What is the distance from ZIZAZ to JADWI?

DISTANCE You are cleared to Boise Air Terminal (BOI) for the What is the distance from JADWI to UNCOY?
RNAV (RNP) Z RWY 28L via BANGS

TRACK You are cleared to Boise Air Terminal (BOI) for the What is the track from DIKAC to CIPSA?
RNAV (RNP) Z RWY 28L via RENOL

TRACK You are cleared to Boise Air Terminal (BOI) for the What is the track from NEWKU to ROKTY?
RNAV (RNP) Z RWY 28L via EREXE

SPEED You are cleared to Boise Air Terminal (BOI) for the What is the maximum allowed speed at ELUMY
RNAV (RNP) Z RWY 28L via PARMO

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from ZOVAM to

RNAV (RNP) Z RWY 28L via CADKI HOBSI?

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from SAKVY to

RNAV (RNP) Z RWY 28L via CANEK CEPAV?

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from ZABEV to

RNAV (RNP) Z RWY 28L via UTEGE TAYFI?

You are cleared to Boise Air Terminal (BOI) for the Other than GPS, what other equipment is required for
NOTES RNAV (RNP) Z RWY 28L via UTEGE procedure entry of UTEGE?

GENERAL You are cleared for Boise Air Terminal (BOI) for the What is the missed approach hold fix?
(Inside) RNAV (RNP) Z RWY 28L via BANGS

GENERAL You are cleared to Boise Air Terminal (BOI) for the What is the length of the landing runway?
(outside) RNAV (RNP) Z RWY 28L via CADKI

GENERAL You are cleared to Boise Air Terminal (BOI) for the What is the ATIS frequency?
(outside) RNAV (RNP) Z RWY 28L via BANGS

DISTANCE You are cleared to Boise Air Terminal (BOI) for the What is the distance from MUFPI to JUBEN?
RNAV (RNP) Z RWY 28L via UTEGE

DISTANCE You are cleared to Boise Air Terminal (BOI) for the What is the distance from ZOVAM to HOBSI?
RNAV (RNP) Z RWY 28L via CADKI

TRACK
You are cleared to Boise Air Terminal (BOI) for the

RNAV (RNP) Z RWY 28L via BANGS
What is the track from LODZI to IBECO?
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BZN:
RNAV (RNP) Z RWY 12

TRACK
You are cleared to Boise Air Terminal (BOI) for the

RNAV (RNP) Z RWY 28L via CANEK
What is the track from CANEK to OFTER?

SPEED You are cleared to Boise Air Terminal (BOI) for the What is the allowed maximum speed at CIPSA?RNAV (RNP) Z RWY 28L via RENOL

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from JUBEN to
RNAV (RNP) Z RWY 28L via EREXE SAKVY?

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from UNCOY to
RNAV (RNP) Z RWY 28L via EMETT IDOCY?

ALTITUDE You are cleared to Boise Air Terminal (BOI) for the What is the minimum altitude required from ELUMY to
RNAV (RNP) Z RWY 28L via PARMO CIPSA?

NOTES You are cleared to Boise Air Terminal (BOI) for the This procedure is not available for arrivals at RENOL via
RNAV (RNP) Z RWY 28L via RENOL which victor airway?

GENERAL You are cleared for Boise Air Terminal (BOI) for the What is the track from runway to missed approach point?
(inside) RNAV (RNP) Z RWY 28L via CANEK

GENERAL You are cleared to Boise Air Terminal (BOI) for the What is the Airport Elevation?(outside) RNAV (RNP) Z RWY 28L via PARMO

GENERAL
(outside)

DISTANCE

You are cleared to Boise Air Terminal (BOI) for the
RNAV (RNP) Z RWY 28L via EMETT

You are cleared to Gallatin Field Airport (BZN) for the
RNAV (RNP) Z RWY 12 via JOXIT

What is Ground Control communication frequency?

What is the distance from WOMET to the next waypoint?

TRACK You are cleared to Gallatin Field Airport (BZN) for the What is the track from THESE to HUXAN?RNAV (RNP) Z RWY 12 via WHITEHALL

SPEED You are cleared to Gallatin Field Airport (BZN) for the What is the maximum allowed speed at WINIX?RNAV (RNP) Z RWY 12 via LIVINGSTON

ALTITUDE You are cleared to Gallatin Field Airport (BZN) for the What is the minimum altitude required from WOSAG to
RNAV (RNP) Z RWY 12 via GODFE JURAL?

NOTES You are cleared to Gallatin Field Airport (BZN) for the What is the minimum RNP value required for procedure
RNAV (RNP) Z RWY 12 via JOXIT entry via JOXIT?

GENERAL You are cleared to Gallatin Field Airport (BZN) for the What is the missed approach hold fix?
(Inside) RNAV (RNP) Z RWY 12 via LIVINGSTON

GENERAL You are cleared to Gallatin Field Airport (BZN) for the What is the airport elevation?
(outside) RNAV (RNP) Z RWY 12 via WHITEHALL

GENERAL You are cleared to Gallatin Field Airport (BZN) for the What is the ATIS frequency?
(outside) RNAV (RNP) Z RWY 12 via THESE

DISTANCE You are cleared to Gallatin Field Airport (BZN) for the
RNAV (RNP) Z RWY 12 via LIVINGSTON

What is the distance from GATEY to the next waypoint?
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PSP:
RNAV (RNP) Y RWY 31L

TRACK You are cleared to Gallatin Field Airport (BZN) for the
RNAV (RNP) Z RWY 12 via GODFE

What is the track from ZIVTI to HUXAN?

SPEED You are cleared to Gallatin Field Airport (BZN) for the What is the allowed maximum speed at TETBY?
RNAV (RNP) Z RWY 12 via JOXIT

ALTITUDE You are cleared to Gallatin Field Airport (BZN) for the What is the minimum altitude required from THESE to

RNAV (RNP) Z RWY 12 via WHITEHALL HUXAN?

NOTES You are cleared to Gallatin Field Airport (BZN) for the What is the minimum RNP value required for procedure
RNAV (RNP) Z RWY 12 via LIVINGSTON entry via LIVINGSTON?

GENERAL You are cleared to Gallatin Field Airport (BZN) for the What is the missed approach track from HAXAG to THESE?
(inside) RNAV (RNP) Z RWY 12 via GODFE

GENERAL You are cleared to Gallatin Field Airport (BZN) for the What is the TDZE?
(outside) RNAV (RNP) Z RWY 12 via THESE

GENERAL
(outside)

DISTANCE

You are cleared to Gallatin Field Airport (BZN) for the
RNAV (RNP) Z RWY 12 via JOXIT

You are cleared to Palm Springs Airport (PSP) for the
RNAV (RNP) Y RWY 31L via BALDI

What is Ground Control communication frequency?

What is the distance from BALDI to the next waypoint?

TRACK You are cleared to Palm Springs Airport (PSP) for the What is the track from PSP to HIXOV?
RNAV (RNP) Y RWY 31L via PALM SPRINGS

SPEED You are cleared to Palm Springs Airport (PSP) for the What is the maximum allowed speed at SBONO?
RNAV (RNP) Y RWY 31L via SBONO

ALTITUDE You are cleared to Palm Springs Airport (PSP) for the What is the altitude constraint at WEMIR?
RNAV (RNP) Y RWY 31L via CLOWD

ALTITUDE You are cleared to Palm Springs Airport (PSP) for the What is the altitude constraint at HIXOV?
RNAV (RNP) Y RWY 31L via PALM SPRINGS

NOTES You are cleared to Palm Springs Airport (PSP) for the What is the minimum RNP value required for procedure
RNAV (RNP) Y RWY 31L via TRM entry via TRM?

GENERAL You are cleared to Palm Springs Airport (PSP) for the What is the minimum climb gradient for missed approach
(inside) RNAV (RNP) Y RWY 31L via BALDI to 3000 feet?

GENERAL You are cleared to Palm Springs Airport (PSP) for the What is the final approach course?
(Inside) RNAV (RNP) Y RWY 31L via TRM

DISTANCE You are cleared to Palm Springs Airport (PSP) for the What is the distance from HIXOV to the next waypoint?
RNAV (RNP) Y RWY 31L via PALMS SPRINGS

TRACK You are cleared to Palm Springs Airport (PSP) for the What is the track from RIYOC to TEVUC?
RNAV (RNP) Y RWY 31L via CLOWD

SPEED
You are cleared to Palm Springs Airport (PSP) for the

RNAV (RNP) Y RWY 31L via TRM
What is the maximum allowed speed at TRM?
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ALTITUDE You are cleared to Palm Springs Airport (PSP) for the What is the altitude constraint at RIYOC?RNAV (RNP) Y RWY 31L via SBONO

ALTITUDE You are cleared to Palm Springs Airport (PSP) for the What is the altitude constraint at CUPOL?RNAV (RNP) Y RWY 31L via BALDI

NOTES You are cleared to Palm Springs Airport (PSP) for the What is the minimum RNP value required for procedure
RNAV (RNP) Z RWY 31L via PSP entry via PSP?

GENERAL You are cleared to Palm Springs Airport (PSP) for the What is the decision altitude for RNP 0.30?(outside) RNAV (RNP) Z RWY 31L via SBONO

GENERAL You are cleared to Palm Springs Airport (PSP) for the What is the ATIS frequency?
(outside) RNAV (RNP) Z RWY 31L via CLOWD W



E2: Clearances and Questions for Departure Procedures

DISTANCE
You are cleared to depart from Salt Lake City
(SLC) via LEETZ TWO departure via MYTON

What is the distance from LOFOG to LEGBE?
SLC:

LEETZ TWO
DEPARTURE

You are cleared to depart from Salt Lake City
TRACK (SLC) via LEETZ TWO departure via ROCK What is the course from FEYOR to POPLE?

SPRINGS

SPEED You are cleared to depart from Salt Lake City What is the speed restriction at MUCKI?
(SLC) via LEETZ TWO departure via HOLTR

ALTITUDE You are cleared to depart from Salt Lake City What is the altitude constraint at MURFI?
(SLC) via LEETZ TWO departure via MEEKER

NOTES You are cleared to depart from Salt Lake City For non-GPS equipped aircraft, which DME(s) need
(SLC) via LEETZ TWO departure via HAYDEN to be operational?

You are cleared to depart from Salt Lake City
GENERAL (SLC) via LEETZ TWO departure via MYTON via What is the Salt Lake City Tower Frequency?

RWY 17

You are cleared to depart from Salt Lake City What is the minimum climb gradient required up to
GENERAL (SLC) via LEETZ TWO departure via HAYDEN via 9000'

RWY 16R

GENERAL You are cleared to depart from Salt Lake City What is the altitude constraint at HUCKK
(SLC) via LEETZ TWO departure via HOLTR

DISTANCE You are cleared to depart from Salt Lake City What is the distance from FRALL to SAWGI?
(SLC) via LEETZ TWO departure via HOLTR

TRACK You are cleared to depart from Salt Lake City What is the course form MURFI to UPJAR
(SLC) via LEETZ TWO departure via MEEKER

You are cleared to depart from Salt Lake City
SPEED (SLC) via LEETZ TWO departure via ROCK What is the speed restriction at PLOGE?

SPRINGS

ALTITUDE You are cleared to depart from Salt Lake City What is the altitude constraint at CHEDO?
(SLC) via LEETZ TWO departure via HAYDEN

___________________ 5Av fV On #4I d%9 - 1-f. ,~ k-nro u-ft .. f-04 rui iui PO -rd iin 21ri L P W"LIP WgrH9 LII 1312
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(SLC) via LEETZ TWO departure via MYTON to be operational?

You are cleared to depart from Salt Lake City
GENERAL (SLC) via LEETZ TWO departure via ROCK What is the GND Control Frequency?

SPRINGS via RWY 16L

You are cleared to depart from Salt Lake City What is the minimum climb gradient required up toGENERAL (SLC) via LEETZ TWO departure via HOLTR via 9000
RWY 17

GENERAL You are cleared to depart from Salt Lake City What is the altitude constraint at ZEETA?
(SLC) via LEETZ TWO departure via HOLTR

LAS:
SHEAD SEVEN
DEPARTURE

DISTANCE

You are cleared to depart from Las Vegas/Mc
Carran International (LAS) via SHEAD SEVEN

departure via RWY 19L What is the distance from FIXIX TO ROPPR?

You are cleared to depart from Las Vegas/Mc
TRACK Carran International (LAS) via SHEAD SEVEN What is the track required from JESJI to BAKRR?

departure via RWY 7R

TRACK You are cleared to depart from Las Vegas/Mc What heading should you maintain after takeoff from(substitute Carran International (LAS) via SHEAD SEVEN Runway 25R?
for SPEED) departure via RWY 25R

You are cleared to depart from Las Vegas/Mc
ALTITUDE Carran International (LAS) via SHEAD SEVEN What is the altitude window constraint at BAKRR?

departure via RWY 7R

You are cleared to depart from Las Vegas/Mc For non-GPS equipped aircraft, which DME(s) must
NOTES Carran International (LAS) via SHEAD SEVEN be operational?

departure via RWY 19R

You are cleared to depart from Las Vegas/Mc What is the minimum climb gradient required afterNOTES Carran International (LAS) via SHEAD SEVEN departing runway 7L?
departure via RWY 7L

You are cleared to depart from Las Vegas/Mc What is the tower frequency for your cleared
GENERAL Carran International (LAS) via SHEAD SEVEN runway?

departure via RWY 25R

GENERAL
You are cleared to depart from Las Vegas/Mc
Carran International (LAS) via SHEAD SEVEN

departure via RWY 25L
What is the altitude constraint at MDDOG?
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DISTANCE
You are cleared to depart from Las Vegas/Mc
Carran International (LAS) via SHEAD SEVEN

departure via RWY 7L
What is the distance from MINEY to HITME?

You are cleared to depart from Las Vegas/Mc
TRACK Carran International (LAS) via SHEAD SEVEN What is the track from PIRMD to ROPPR?

departure via RWY 25L

You are cleared to depart from Las Vegas/Mc
SPEED Carran International (LAS) via SHEAD SEVEN What is the required maximum speed until BESSY?

departure via RWY 1L

You are cleared to depart from Las Vegas/Mc
ALTITUDE Carran International (LAS) via SHEAD SEVEN What is the altitude window constraint at ROPPR?

departure via RWY 19R

You are cleared to depart from Las Vegas/Mc For non-GPS equipped aircraft, which DME(s) must
NOTES Carran International (LAS) via SHEAD SEVEN be operational?

departure via RWY 7R

You are cleared to depart from Las Vegas/Mc What is the minimum climb gradient required after
NOTES Carran International (LAS) via SHEAD SEVEN departing runway 25R?

departure via RWY 25R

You are cleared to depart from Las Vegas/Mc What is the tower frequency for your cleared
GENERAL Carran International (LAS) via SHEAD SEVEN runway?

departure via RWY 19L

GENERAL
You are cleared to depart from Las Vegas/Mc
Carran International (LAS) via SHEAD SEVEN

departure
What is the altitude constraint at TARRK?

DFW: DISTANCE You are cleared to depart from Dallas-Fort Worth What is the distance from OWLLS to SKTRR?
DARTZ THREE (DFW) via DARTZ THREE departure via 35C
DEPARTURE You are cleared to depart from Dallas-Fort Worth What is the track from KELLR to MYGAL?

(DFW) via DARTZ THREE departure via 36L

SPEED You are cleared to depart from Dallas-Fort Worth What is the speed constraint at LARRN?
(DFW) via DARTZ THREE departure via 18L

ALTITUDE You are cleared to depart from Dallas-Fort Worth What is the altitude constraint at TREXX?
(DFW) via DARTZ THREE departure via 17C

NOTES You are cleared to depart from Dallas-Fort Worth For non-GPS equipped aircraft departing Runways
(DFW) via DARTZ THREE departure via 36L 36L, which DME(s) must be operational?
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CF~~t eatr contr requeaencydtodpatfrmDals-ot ot(DFW) via DARTZ THREE departure via 35L V L a L C; CJPPaI LUI F IUVILI VIUcILy

DISTANCE You are cleared to depart from Dallas-Fort Worth What is the distance from TREX to DALBY?
(DFW) via DARTZ THREE departure via 17R

TRACK You are cleared to depart from Dallas-Fort Worth What is the track from LARRN to LIZIE?
(DFW) via DARTZ THREE departure via 18L

SPEED You are cleared to depart from Dallas-Fort Worth What is the speed constraint at MAVVS?
(DFW) via DARTZ THREE departure via 35L

ALTITUDE You are cleared to depart from Dallas-Fort Worth What is the altitude constraint at KMART?
(DFW) via DARTZ THREE departure via 36R

NOTES You are cleared to depart from Dallas-Fort Worth What is the minimum climb gradient required
(DFW) via DARTZ THREE departure via 35C departure from Runway 35C?

GENERAL You are cleared to depart from Dallas-Fort Worth What is the Departure control frequency?
(DFW) via DARTZ THREE departure via 18R
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Procedure Airport Code Procedure Name Total Questions per Question TypeType _________Questions ___________ ___

Altitude 1
DeKalb Path- Distance 1

Peachtree, RNAV (RNP) Z RWY . Track 1
.' PDK 6NASpeNP)ifRc

Georgia 20L Speed 1
(Practice) Notes 1

General 1
Altitude 6

Path- Distance 4
Boise, RNAV (RNP) Z RWY . Track 4BOI 8L24 Specific Spe2
Idaho 28L Speed 2

Notes 2
General 6

Approaches Altitude 2

Distance 2
Path-

Bozeman, Pt- Track 2
Montana BZN RNAV (RNP) Z RWY 12 16 Specific a

Notes 2

General 6
Altitude 4*

Palm Path- Distance 2
RNAV (RNP) Y RWY . Track 2Springs, PSP 31L 16* Specific Speed 2

California 31L Speed 2
Notes 2

General 4
Altitude 1

Los Path- Distance 1
Angeles,. Track 1

.' LAX HOLTZ NINE 6 Specific Speed 1
California Speed 1
(Practice) Notes 1

General 1

Altitude 2
Dallas- Path- Distance 2
Fort DFW DARTZ THREE 12 Specific Track 2

Worth, Speed 2
Texas Notes 2

Departures General 2
Altitude 2

Path- Distance 2
Las Vegas, LAS SHEAD SEVEN 16 Specific Track 2

Nevada Speed 2**
Notes 4

General 4
Altitude 4

Path- Distance 2
Salt Lake Track 2

CiyUth SLC LEETZ TWO 16 Specific Spe2City, Utah Speed 2
Notes 2

General 6
Note: All questions are divided equally between modified and current charts
*Two questions were not analyzed due to a spelling mistake
**One track question is substituted for a speed question
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Appendix F: Experiment Materials Presented to the Participant

F1: Introduction to Study

Thank you for participating in the Chart Format Study conducted by Massachusetts Institute of

Technology and the United States Department of Transportation Volpe Center

Participants in the study must be current and licensed instrument-rated pilots. We expect that you have

some experience flying RNAV procedures, and it is also expected you are either qualified, or in training,
to fly RNP procedures. If your flight experience does not meet these qualifications, please let the
experimenter know at this time.

Overview

The experiment contains three sections:

1. Introduction to study
2. Information Retrieval Task
3. Post-Experiment Questionnaire

In the information retrieval task, you will answer some questions about the RNAV/RNP charts presented.
Two types of chart formats will be presented in random order: one is what is currently used and the other
is one we have modified. We will measure the time and accuracy with which you answer the questions.

Before beginning the experiment, the experimenter will give you a Consent Form and a Background

Questionnaire.

At the end of the experiment, you will be given a post-experiment questionnaire to provide feedback on
the experiment. The experiment is expected to take over an hour. You will get opportunities to take short
breaks throughout the session.

Outcome

Results of this study will be considered by the FAA in developing guidance for the design of instrument
procedures and associated charting.

This research is funded by the FAA Human Factors Research and Engineering Group (AJP-61) in support
of Aviation Safety (AVS) and the Flight Technologies and Procedures Division (AFS-470).
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F2: CONSENT TO PARTICIPATE IN NON-BIOMEDICAL RESEARCH

Evaluating Impact of Chart De-Cluttering by Separating Paths Across Multiple-Charts

You are invited to participate in a research study conducted by R. John Hansman, Abhizna Butchibabu,
and Alan Midkiff, from the Department of Aeronautics and Astronautics at the Massachusetts Institute of
Technology (M.I.T.) and Divya Chandra, Andrew Kendra, and Rebecca Grayhem from the John A. Volpe
National Transportation Center, United States Department of Transportation. You should read the
information below, and ask questions about anything you do not understand before deciding whether or
not to participate.

- PARTICIPATION AND WITHDRAWAL

Your participation in this study is completely voluntary and you are free to choose whether to be in it or
not. If you choose to be in this study, you may subsequently withdraw from it at any time without penalty
or consequences of any kind.

- PURPOSE OF THE STUDY

The purpose of this study is to examine the design of instrument procedures and associated charting for
Area Navigation (RNAV) and Required Navigation Procedures (RNP).

PROCEDURES

You will be shown two types of charts: current and modified. You will use these charts to find
information requested by the experimenter. Please answer the questions as quickly and as accurately as
you can. We will be recording your time to find the requested information. You will see both departures
approach procedures.

You will have a chance to practice answering chart questions before we start collecting data, and there
will be rest breaks during the study.

The study will take approximately one hour to complete, with breaks. You will also be given an
opportunity to provide feedback on the study. Please feel free to ask any questions during the practice
trials or breaks.

- POTENTIAL RISKS AND DISCOMFORTS

The risks involved in your participation are low and do not exceed those you would experience in a
normal flight training atmosphere.

- POTENTIAL BENEFITS

Participation provides an opportunity to aid in the development of recommendations for the design of
instrument procedures and associated charting.

CONFIDENTIALITY

Any information that is obtained in connection with this study and that can be identified with you will
remain confidential and will be disclosed only with your permission or as required by law.

Your participation in this study is completely voluntary. Your participation is strictly confidential, and no
individual names or identities will be recorded with any data or released in any reports. Only arbitrary
numbers are used to identify pilots who provide data. You may terminate your participation in the study
at any time.
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- IDENTIFICATION OF INVESTIGATORS

If you have any questions or concerns about the research, please feel free to contact R. John Hansman at
rjhans(mit.edu or call (617) 253-3371 or contact Abhizna Butchibabu at abhiznabCa)mit.edu or call (848)
219-7999.

- EMERGENCY CARE AND COMPENSATION FOR INJURY

If you feel you have suffered an injury, which may include emotional trauma, as a result of participating
in this study, please contact the person in charge of the study as soon as possible.

In the event you suffer such an injury, M.I.T. may provide itself, or arrange for the provision of,
emergency transport or medical treatment, including emergency treatment and follow-up care, as needed,
or reimbursement for such medical services. M.I.T. does not provide any other form of compensation for
injury. In any case, neither the offer to provide medical assistance, nor the actual provision of medical
services shall be considered an admission of fault or acceptance of liability. Questions regarding this
policy may be directed to MIT's Insurance Office, (617) 253-2823. Your insurance carrier may be billed
for the cost of emergency transport or medical treatment, if such services are determined not to be directly
related to your participation in this study

RIGHTS OF RESEARCH SUBJECTS

You are not waiving any legal claims, rights or remedies because of your participation in this research
study. If you feel you have been treated unfairly, or you have questions regarding your rights as a
research subject, you may contact the Chairman of the Committee on the Use of Humans as Experimental
Subjects, M.I.T., Room E25-143B, 77 Massachusetts Ave, Cambridge, MA 02139, phone (617) 253
6787.

SIGNATURE OF RESEARCH SUBJECT OR LEGAL REPRESENTATIVE

I understand the procedures described above. My questions have been answered to my satisfaction, and I
agree to participate in this study. I have been given a copy of this form.

Name of Subject

Name of Legal Representative (if applicable)

Signature of Subject or Legal Representative Date

SIGNATURE OF INVESTIGATOR

In my judgment the subject is voluntarily and knowingly giving informed consent and possesses the legal
capacity to give informed consent to participate in this research study.

Signature of Investigator Date
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F3: Background Questionnaire

Participant ID

Flight Background

Total flight hours (approximate)

Are you a check airman or do you provide flight/simulator instruction for your company?

C Yes C No

Which charts would you like to use for the experiment (pick one)?

r Jeppesen C US Government

RNAV/RNP Experience

1. Are you currently qualified for RNP approaches?

r Yes C No C In Training

2. When was your last simulator training on RNP procedures?

C In Training Now

C Within 2 months

C 2 to 6 months ago

C 6 to 12 months ago

C 12 or more months ago

3. When was the last time you flew an RNP procedure in line operations?

r Within 1 month

C Within 6 months

C 6 to 12 months

C Over 12 months

C Never flew RNP procedures in line operations

4. a) How many SIDs did you fly in your last active month (as a flight crew)?

C 0 C <1 C I to2 C 3 to 4 C 5 to 1o C Over 10

b) How many RNAVSIDs did you fly in your last active month (as a flight crew)?

C 0 C <1 C I to 2 C 3 to 4 C 5 to 10 C Over 10

Rate your comfort with RNAV SIDs (1 = low to 5 high)
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5. a) How many STARs did you fly in your last active month (as a flight crew)?

C 0 C <1 C 1 to 2 C 3to4 r 5 or more

b) How many RNAV STARs did you fly in your last active month (as a flight crew)?

C 0. C <1 C 1 to 2 C 3 to 4 C or more

Rate your comfort with RNAV STARs (1 = low to 5 high)

6. a) How many IAPs did you fly in your last active month (as a flight crew)?

C 0 C <1 C 1 to 2 C 3 to 4 C 5 or more

b) How many RNAV (RNP) IAPs do you fly per month on average (as a flight crew)?

C 0 C <1 C I to2 C 3 to 4 C or more

Rate your comfort with RNAV (RNP)IAPs (1 = low to 5 high)

7. What types of RNP approaches do you generally fly (check all that apply)?

~ Simple (straight-in/overlay)

~ Complex (with RF legs)

F~ Complex with Terrain (with RF legs & terrain critical)
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F4: Instructions for Information Retrieval Task for US Government Charts

As mentioned earlier, you willuse RNAV/RNP charts to answer questions. The task will use a computer
display. You will view the chart and answer the questions regarding the chart presented. Try to answer
the questions as quickly and as accurately as you can.

The task is divided into blocks of trials. One block will concern SIDs, and the other will concern IAPs.
You will be allowed several short breaks throughout the two blocks. Before beginning the test trials, you
will be given the opportunity to practice and ask questions.

The overall experiment stages are shown in the table below:

Practice SID or IAP

BlockSID or AP questions

SID or IAP questions

Practice IAP or SID

Block 2 IA

IAP or SID questions

Practice Trials

There are a total of 6 practice trials per procedure type
practice the task before your responses are recorded.

(SID or IAP) that will give you an opportunity to

You will become familiar with the display interface during the practice trials. If you have
about the task or the interface, please ask them during the practice scenarios.

any questions

Information Retrieval Task

Please look at the image on the handout to see an example layout for trials regarding SIDs and IAPs.

Information Provided

In the top right corner there is a trial counter, which will keep track of your progress within the block.

The chart will be presented in the center of the screen. Below the chart you will receive a clearance that
will provide you with some context to help you answer the question. The question will appear below the
clearance.

Viewing the chart

You will view the presented chart(s) to find the answer to the question. Please note the buttons used to
view the chart(s) for SIDs and IAPs in the image on the handout. Please click on these button(s) after you
have understood the question. For each question, the time taken to view the chart will be recorded.

Answering the question

154



After you have found the answer from the chart, you will click on the 'ANSWER QUESTION' button to
type the answer into the text box. At this point the chart will be no longer visible and the timer will stop.
If you forget your answer and need to refer to the chart again, you may do so, but the timer will resume
again. You will not be timed when you are typing your response.

When answering the questions, please do not enter the units. For example, if the answer is 4000 ft, please
enter only "4000."

When you are ready to proceed to the next question, please click 'NEXT.'

You must answer each question before clicking 'NEXT.'
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F5: Post-Experiment Questionnaire

Have you flown RNAV/RNP procedures at the following airports in the past year?

F BOI ~ SLC ~ DFW r LAS I PSP r BZN

Have you encountered any problems when flying the RNP procedures in your daily operations?

Feedback on the experiment

Yes No

r Were the questions you received reasonable?

Were the charts used reasonable?

Was the experiment display used understandable?

Do you have any suggestions for how to improve our experiment?

Please provide any additional comments regarding the experiment below.
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Appendix G: FAA Chart Refresher for Jeppesen Chart Users Participating in the
Experiment
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Part 1:
Instrument Approach Procedures (IAP)
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Appendix G: Charts used for the Information Retrieval Task

G1: FAA Current Charts

BOISE, IDAHO AL-57 (FAA) 10322

APPCS I 27 RNAV (RNP) Z RWY 28L
Apt Elev 2871 BOISE AIR TERMINAL (GOWEN FIELD) (B0)

0,o C (7F) 107"F). For inperative MALSR 3 via track 280* Jo JIMMI and hold,
increase RNP 0.15 and RNP 0.25 visibility to RZVR 6000, and RNP 0.30 to 1%/. : continue climb-in-hol to 6000.

AllS BOISE APP CON OSETWR GND CON CLNC DEL

(IAF)

123.9 0. 0 .M(x 10. 5A 348 2

-CIESEDY A B C

28AF) -3 3280 5 (RF

288 0t3 3 P02 D) 3205-92401

1 1*(6.8)3113(1.9

(F) RED 6-

08 78 /1M KIA S300 3180 5 0
DAFR 

521O *o 28L SP C A A A00 &80ARC1.W

BOCIG ELUMY (4.5)IRTE(MI2) (4O E ILD B L

1(RNP .30) M 1 K 30
SR EQ 5200 286

293 . ZI0 e

1 lREQ 6. vi13 V131ohes1o.d

ELEV 2871 JB 2

6000 JmMM HOBS Procdur
0840(TWR trj 280*

CADG EXY 451SA2945WK

2858 RNP0 0.15 DA0 3228/4 370(40-0
280* RNPD 0.25DA 205 32401
RW28L-V RNP) 0.30 DAW 3356 57(0-

HL Ry10-n1R28L AUTORZAIO REQIRE

3rig-A 17DEC0 43*4'-1 6*3' R N V ( N P 9 W Y 8

A .2908 166



BOZEMAN, MONTANA AL-59 (FAA)

APP CRS Rwy Ide 8994
120 TDZE 44431230 Apt Elev 4473

GPS red. For uncompensated Baro-VNA ,tem procedure M
NAblw-23*C (-11 *Fioroabove 39C VO2. hN VGSliop

procedure NA at night. For inoperative MAISR increase RNP 0.3 -
visibility to 1 Y all Cots.

ATIS SALT LAKE CENTER BOZEMAN TOWER *
13&425 1 132A 338.3 118.2 (CTAF

11069

NAV (RNP) Z RWY 12
BOZEMAN/GAUATIN FIELD (BZN)

MISSED APPROACH: Climb to 8300 via track
1 23 to HEM, and via right turn to HAXAG,
and vio track 3200 to THESE and hold.

GND CON UNICOM
121.8 1 122.95

BOZEMAN/GAtLA11N FIELD (BZN)

45-47N-111'09W RNAV (RNP) Z RWY 12

z

-4

z

Orig 29JUL1 0
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AL-545 (FAA)PALM SPRINGS, CAUFORNIA

APP CRS Rwy Idg 85
|0 ptTDZE 430

Apt Elev 477

10210

RNAV (RNP) Y RWY 31L
PALM SPRINGS INTL (PSP)

V GPS required. Procedure NA when control tower closed.
NA For un - teBaro-VNAV sy s, proocdure NA below MISSED APPROACH: Climb to 1800, then climbing2-Cl35)or above 38-C (Il02i. rgttmt OOdrdTMVRA od

Missed ppooch requires minimum climb of 340' per NM to 3000. right turn to 4000 direct TRM VORTAC nd hold.
Visibility reduction by helicopters NA.

ATIS SOCAL APP CON *
. 126.7 370.95 (W-N)

118.25 135.275 251.1 (NE-1.
PALM SPRINGS TOWER* I GND CON CLNC DEL UNICOM

119.7(CTAF)$ 377.05 121.9 128.35 122.95

CO

C,,

CA)

0

w

0

PALM SPRINGS, CAUFRNIA PALM SPRINGS INTL (PSP)
Amcn1A 11MAR10 33-50N-11630 RNAV (RNP) Y RWY 31L
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1. L0Z HidV LO 04 L L0Z HVVJ 0 L 'I'-MS

MT ATIS HOLT NOTE: For Non-GPS equipped aircraft: M'T n
124.75 125.625 OGD, TCH, FRJ, and LHO DME must be operational for HOLTR transitions.
" 2CLNC DEL OGD, TCH, BYL, and MID DME must be operational for HAYDEN transitions.
127.3 379.975 * OGD, TCH, BVL, OCS, and MLD DME must be operational for MEEKER transitions. ROCK SPRINGS N

SGNDCON TCH, BVL, and FFU DME must be operational for MYTON transitions
0 O1.95 348.6 (Ry 14-3, 1R-3 OGD and TCH DME must be operational for ROCK SPRINGS transitions. 3 st

133.65 348.6 (Rwys 16L-34R, 16R-34L) NAG
,SAT LAKE CITY TOWER YAG ON FOLLOWING

119.05 257.8 (Rwy16L-34R) R (NARRATIVE ON FOLLOWING PAGE)
- 118.3 257.8 (Rwys 14-32, 17-35) -- j,
> 132.65 336.4 (Rwy 16R-34L)
E SALT LAKE CITY DEP CON MUCKI FRALL PLOGEC 135.5 316.15 FL230 250 KIAS F L 250 KlAS

Resume normal speed FL230 250 IAS
T1 after MUCKI Resume normal speed HAYDEN M~~ O~ after PLOGE ~~C E

AIN'TT *AN\ CHE ;
z UFITY - FEYOR

15000~ AIAT7b9 EYR,0
1 5 0 05 PE RTY *

HUCKK A4CN 11 A3O00 L190\\6
12000 230 KIAS -b 0760 HERTS 580O 00760 o HERTS 05

065' 13000 J- 62) NOTE: If unable to accept climb rates and

N ) LEETZ *11700 oI crossmg restrictions, advise ATC on
*r091* 0) CHEDO initial contact.

17 7FL230 250 KIAS NOTE: DME/DME/RU or GPS required.
DEWBO I Resume norml NOTE: RADAR required.

A. 17000 after CHE NOTE: RNAV 1.
ZEETA 0) *1 600 Fl190 NOTE: Turbojet aircraft only.
10000 092* 15000 FL230

161*\ ~MURFI (10) U2039
"4 1610 FL230 250 WIS UPJAR (53) 00-- -0 E

Resume norma speed BORZI (712)
TAKE-OFF MINIMUMS PPIGG o after MURFI MEEKER

rn Rwys 14, 32, 34R, 34L, 35: NA-ATC. F.fL190 EKR rn
C i Rwy 16R:Sandard with a minimum y O FL 90 r)

climb of 415' per NM to 9000. 4727 0 ( * J3y -EGB
ATC climb of 370' per NM from 9000 to 13000. DOI 7 p7 LEGBE

Rwy 16L Standard with a minimum climb of 385' per NM FL230 250 KIAS LOFOG (46
to 9000. ATC climb of 385' per NM from 9000 Resume normal speed

t.- Rwyl17: Standard with aminimum climb of370' per NM to9000. afe OE:hrtotocae
ATC dimb of 370' per NM from 9000 to 13000. (NOTES CONTINUED ON FOLLOWING PAGE) MT NOTE: Chart noo scale.

SW-4, 10 MAR 2011 to 07 APR 2011
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(LEETZ2.LEETZ) 08325

LEETZ TWO DEPARTURE (RNAV)
SL-365 (FAA)

SALT LAKE CITY INTL (SLC)
SALT LAKE OrY, UTAH

DEPARTURE ROUTE DESCRIPTION

TAKE-OFF RUNWAYS 16R/1 6L: Climb heading 161* to 4727, then right turn direct
PPIGG, then via depicted route to LEETZ, thence....
TAKE-OFF RUNWAY 17: Climb heading 166* to 4727, then right turn direct PPIGG,
then via depicted route to LEETZ, thence....

....via (transition) maintain FL230 or lower filed altitude. Expect filed altitude 10 minutes
after departure.

HAYDEN TRANSITION (LEETZ2.CHE)
HOLTR TRANSITION (LEETZ2.HOLTR)
MEEKER TRANSIION (LEETZ2.EKR)
MYTON TRANSITION (LEETZ2.MTU)
ROCK SPRINGS TRANSITION (LEETZ2.OCS)

TAKE-OFF NOTES CONT.
TAKE-OFF OBSTACLES
Rwy 16L, 16R, and 17: Multiple light poles beginning 988' from DER, 689' right of centerline,

up to 34' AGL/4254' MSL.
Rwy 17: Vehicle on road 434' from DER, 518' right of centerline, 17' AGL/4237' MSL

LEETZ TWO DEPARTURE (RNAV)
(LEETZ2.LEETZ) 08325

SALT LAKE CY, UTAH
SALT LAKE CITY INTL (SLC)

Co

0
'1mw
0

0

0

r')
0

0
01

0

0

001

w
U-
0

Co
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(DARTZ3.DARTZ) ioo98

DARTZ THREE DEPARTURE (RNAV)
DALLAS FORT WORTH INTL (DFW)

SL-6039 (FAA) DALLAS-FORT WORTH, TEXAS

MARSN 20*-42570 2
K MART

5500 240K

KELLR

240K until KMART

N Rwy 18L/R: Do notexc
- 240K until LARRN.

NOTE: For non-GPS
equiped aircraft using
NAVASOTA TRANSITION
LOA must be operational.

NOTE:
1. DME/DME/RU or

GPS Required
2. RNAV 1.

NELYN

NOTE: Rwy 13L/R, 17L, 31
NA - air traffic.

NOTE: RADAR required.

NOTE: For use by Turbojet

TAKE-OFF MINIMUMS:
Rwy 17C/R, 18L/R: Standa
NM to 5000.
Rwy 35C: Standard with mi
Rwy 35L Standard with mi
Rwy 36L/R: Standard with

NOTE: Chart not to scale

mod

MAWS
15WQ 2AC

OWLLSJ

Rwy 35L/C: Do not exceed
240K until MAWS.

d

1k ATIS 135.925
CLNC DEL

128.25
GND CON

121.65 121.8 (EAST)
121.85 (WEST)

DFW TOWER
126.55 127.5 (EAST)

124.15 134.9 (WEST)
REGIONAL DEP CON

125.12 353.95 (Rwy 17R/C)
125.12 353.95 (Rwy 18R/L)
126.47 363.15 (Rwy 36R/L
118.55 290.35 (Rwy 351/C)

ee - - - - u wy 17C./RK: Dou notexe-L u a 240K until TREXX.
NNN

1107 ... 1107
NOTE: For non-GPS
equiped aircraft
departing Rwys 35L/
CVE, FUZ and CQY

SKTRR must be operational.
&RRN TREXX

2A01K 5000 2IOil

NOTE: For non-GP!
equiped aircraft
departing Rwys 17

'' o 18L/R, CVE and FU
DALBY must be operationa

UZIE 4* > NOTE: For non-GP!
0/ equiped aircraft

departing Rwys 361
JASPA ARDIA FUZ and CQY must

operational.

DARTZ . - -
WACO
ACT A ELILVR -

L/R, 35R: BRDEELLV BR

WINDU TORNNN
Aircraft only.

rd with minimum climb of 500' per BILEE

nimum climb of 536' per NM to 6500.-
nimum climb of 530' per NM to 6500.
minimum climb of 500' per NM to 5500. NAVASOTA

(NARRATIVE ON FOLLOWING PAGE)

C,

C/R,
lz
l.

/R,
be

DARTZ THREE DEPARTURE (RNAV)
(DARTZ3.DARTZ) 10098

DALLAS-FORT WORTH, TEXAS

DALLAS FORT WORTH INTL (DFW)

9

C0

0

fo

--

4u

0?

0

N
co

0*

0

0

171



(DARTZ3.DARTZ) 10098 SL-6039 (FAA) DAUAS-FORT WORTH INTL (DFW)
DARTZ THREE DEPARTURE (RNAV) DAD- AS-FORT WO , TAS

V

DEPARTURE ROUTE DESCRIPTION

TAKE-OFF RUNWAY 17C: Climb heading 174* to 1107, then direct TREXX, cross
TREXX at or above 5000, then on depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 17R: Climb heading 1740 to 1107, then direct TREXX,
cross TREXX at or above 5000, then on depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 18L: Climb heading 1740 to 1107, then direct LARRN,
cross LARRN at or above 5000, then on depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 18R: Climb heading 174* to 1107, then direct LARRN,
cross LARRN at or above 5000, then on depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 35C: Climb heading 354* to intercept course 010* to MECHL,
cross MECHL at or above 4000, then on track 089* to MAWS, cross MAWS at or
above 6500, then on depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 35L: Climb heading 354* to intercept course 011* to MECHL,

9 cross MECHL at or above 4000, then on track 089* to MAWS, cross MAWS at or -
above 6500, then via depicted route to DARTZ, Thence . . . .
TAKE-OFF RUNWAY 36L: Climb heading 3540 to intercept course 338* to GVINE,
then on track 260* to KMART, cross KMART at or above 5500, then on depicted
route to DARTZ, Thence . .. .
TAKE-OFF RUNWAY 36R: Climb heading 3540 to intercept course 336* to GVINE,
then on track 260* to KMART, cross KMART at or above 5500, then on depicted route0a
to DARTZ, Thence . . . .

via (transition). Maintain 10,000. Expect filed altitude within 10 minutes
after departure.

TORNN TRANSITION (DARTZ3.TORNN): (For aircraft landing Lafayette,
Lake Charles or Beaumont/Port Arthur airports)
BILEE TRANSITION (DARTZ3.BILEE): (For aircraft overflying the Bilee intersection,
thence on the appropriate STAR to George Bush Intercontinental or Eastern
Houston terminal airports.)
NAVASOTA TRANSITION (DARTZ3.TNV)

2ARTZ THREE DEPARTURE (RNAV) DALLAS-FORU WOHM, TE

DARTZ3.DARTZ) 10098 DALLAS-FORT WORTH INTL (DFW)
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L LOZ ldVL0 01 L IOZ UVVI0L k1-MS

N TAKE-OFF MINIMUMS
Rwys 1 L/R: 1100-3 with minimum climb of 500' per NM to 6000.
Rwys 7L/R: Standard with minimum climb of 400' per NM to 8000.
Rwys 19L/R: Standard with minimum climb of 483' per NM to 9000.
Rwys 25L/R: Standard with minimum climb of 470' per NM to 9000.

NOTE:
NOTE:
NOTE:
NOTE:
NOTE:

NOTE:

C

z

C,

C:

.- z

DBIGE-
FL21 0

Rwys 1 /R do not exceed 230 KLAS until BESSY.
DME/DME/IRU or GPS Required.
RNAV 1.
RADAR REQUIRED
For non-GPS equipped aircraft departing Rwys 1 L/R, 19L/R, 25L/R:
LSV, BLD, BTY and TPH DMEs must be operational.
For non-GPS equipped aircraft departing Rwys 7L/R:
BLD, BTY and TPH DMEs must be operational.

BESSY
230K

ATIS 132.4
CLNC DEL

118.0 379.95
GND CON

121.1 270.8 E of R/1 9L
121.9 254.3 Wof 1R/19L

LAS VEGAS TOWER
118.75 257.8 (Rwy Ill/9R, 1R/19L)
119.9 257.8 (Rwy 7t/25R, 7R/25L)

LAS VEGAS DEP CON
125.9 307.25

-2681

BAKRR
7000(ATC)

(6) 6000

FIXIX

TARRK
11000

SHEAD
14000

(NOTES CONTINUED ON FOLLOWING PAGE)
(NARRATIVE ON FOLLOWING PAGE) NOTE: Chad notto scale. HITME

SW-4, 10 MAR 2011 to 07 APR 2011
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(SHEAD7.SHEAD) 11013
LAS VEGAS / MC CARRAN INTL (LAS)SHEAD SEVEN DEPARTURE (RNAV) SL-662 (FAA) LAS VEGAS, NEVADA

DEPARTURE ROUTE DESCRIPTION
TAKE-OFF RUNWAY l/R: Climb heading 010* to 2681', then left turn direct BESSY, then
on track 1880 to cross MDDOG at 9000, then on track 2560 to cross TARRK at 11000, then
on track 256* to cross SHEAD at or above 14000. Thence....

TAKE-OFF RUNWAY 7L: Climb heading 075* to 2681', then direct WASTE, then on track
075* to cross BAKRR at or below 7000(ATC)/6000, then on track 144* to cross MINEY at
or above 8000, then on track 210* to HITME, then on track 261* to cross SHEAD at or
above 14000. Thence....

TAKE-OFF RUNWAY 7R: Climb heading 075* to 2681', then direct JESJI, then on track 074*
to cross BAKRR at or below 7000(ATC)/6000, then on track 144* to cross MINEY at or above
8000, then on track 210* to HITME, then on track 261* to cross SHEAD at or above 14000.
Thence....

TAKE-OFF RUNWAY 19L: Climb heading 190* to 2681', then direct FIXIX, then on track 227*
to cross ROPPR at or below 7000(ATC)/6500, then on track 2100 to cross MDDOG at 9000,
then on track 256* to cross TARRK at 11000, then on track 256* to cross SHEAD at or above
14000. Thence....

TAKE-OFF RUNWAY 19R: Climb heading 1900 to 2681', then direct JAKER, then on track
Cn 226* to cross ROPPR at or below 7000(ATC)/6500, then on track 210* to cross MDDOG at

9000, then on track 256* to cross TARRK at 11000, then on track 256* to cross SHEAD at -
or above 14000. Thence.... m

TAKE-OFF RUNWAY 25L Climb headin 255* to 2681', then direct PIRMD, then on track
186* to cross ROPPR at or below )/6500, then on track 210* to cross MDDOG at
9000, then on track 256* to cross TARRK at 11000, then on track 256* to cross SHEAD at
or above 14000. Thence....

OY
4 TAKE-OFF RUNWAY 25R: Climb heading 255* to 2681', then direct RBELL, then on track

186* to cross ROPPR at or below 7000(ATC)/6500, then on track 210* to cross MDDOG at
9000, then on track 256* to cross TARRK at 11000, then on track 256* to cross SHEAD at

o? or above 14000. Thence....
....via (Transition) maintain FLI 90, expect filed altitude 10 minutes after departure.
COALDALE TRANSITION (SHEAD7.OAL)
KENNO TRANSITION (SHEAD7.KENNO)
TAKE-OFF OBSTACLE NOTES
RWY 1 L Building 1508' from DER, 463' left of centerline, 71' AGL/2146' MSL. Pole 453' from DER,

283' left of centerline, 38' AGL/2118' MSL Sign 1042' from DER, 694' left of centerline,
35' AGL/2124' MSL

RWY 1 R: Sign 1331' from DER, 448' right of centerline, 60' AGL/2120' MSL
Vents 604' from DER, 539' right of centerline, up to 17' AGL/2095' MSL

RWY 7L Trees 761' from DER, left and right of centerline, up to 42' AGL/2074' MSL.
Pole 747' from DER, 442' right of centerline, 25' AGL/2057' MSL

RWY 7R: Tower 1457' from DER, 847' right of centerline, 65' AGL/2096' MSL
RWY 19L Multiple buildings, trees and poles 1394' from DER, 251' right of centerline, up to 96'

AG1/2284' MSL Sign 2181' from DER, 1062' right of centerline, 36' AGL/2236' MSL
RWY 19R: Trees 1563' from DER, 329' left of centerline, up to 55' AGL/2236' MSL

Multiple buildings, signs and poles 197' from DER, 59' right of centerline, up to 75'
AGI/2291' MSL

RWY 25L- Multiple poles, signs and buildings 1003' from DER, 145' left of centerline, up to 97'
AGL/2291' MSL Trees 2837' from DER, 1008' left of centerline, 72' AGL/2230' MSL.
Railroad 2564' from DER, 773' left of centerline, 66' AGL/2223' MSL

RWY 25R: Multiple poles and trees 533' from DER, 1' left of centerline, up to 271' AGL/2457' MSL
Building 1822' from DER, 652' left of centerline, 59' AGL/2238' MSL Roads 669' from
DER, 17' right of centerline, up to 29' AGL/2208' MSL.

SHEAD SEVEN DEPARTURE (RNAV) LASVEGAS, NEVADA

(SHEAD7.SHEAD) 11013 LAS VEGAS / MC CARRAN INTL (LAS)
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G2: FAA Modified Charts

BOI RNAV (RNP) Z RWY 28L (Page 1)

BOISE, IDAHO AL-57 (FAA) 10322

APP CRS Rwy Idg 9763 RNAV (RNP) Z RWY 28L
rO TDZE 2658 293NFF

Apt Elev 2871 BOISE AIR TERMINAL (GOWEIN FHELD) (BOI)

17GS euired. For uncompensated Boro-VNAV systems, procedure NA MALSR MISSED APPROACH: Climb to 6000
beo -14C (7*F) or above 42"C (107"F). For inoperatives MA LSR &+via track 280* to JIMMI and hold,

increase RNP 0. 15 and RNP 0.25 visibility to RVR 6000, and RN4P 0.30 to 1%/.1A continue climb-in-hold to 6000.

ATIS BOISE APP CON BOISE TOWER GND CO1N CLINC DEL

123.9 290.4 119.6 26.4 118.1 257.8 121.7 348 125.9 323.2

MISSED APCH FIX

28 IMMI

5 NMX

NO F V

\ HOBSI
RW28 4

3113

3900

(1.4)

OPSA
-4Max 180 KA

03560

5200
-~ ~ *
1
fz

SPECIAL AIRCRAFT & AIRCREW
AUTHORIZATION REQUIRED

BOISE AIR TERMINAL (GOWEN
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BOI RNAV (RNP) Z RWY 28L (Page 2)

BOISE, IDAHO AL-57 (FAA) 10322

APP CRS Rwy Idg 9763 RNAV (RNP) Z RWY 28L
280o TDZE 28513 (CANEK/EREXE/UTEGE)

Apt Elev 28711 BOISE AIR TERMINAL (GOWEN FHELD) (BOI)
SGPS required. For unompensaled Baro-VNAV systemns, procedure NA MALSR MISSED APPROACH: Climb to 6000

below -14'C (7*F) or above 42*C (107*F. For inoperative MA LSR -- via track 280* to JIMMI and hold,
incres RNP 0.15 mnd RNP 0.25 visibility to RVR 6000, and RNP 0.30 to 1%./2 i continue climb-in-hold to 6000.

ATIS BOISE APP CON BOISE TOWER GND CON CaN DE
12.9 29A 119.6 200A4 118.1 257.8 121.7 348.6 125.9 323.2

MISSED APCH FIX

0.0

5 NM

280*
-(3.1) (A)V (RF

z02880 2913±

R293 - SAVY 
0So 3113

JU2)
3900
276* (D0)(1.5) 43002

6 280* 280*(r80
(1.2) (1.5) 260

28L R P

RNLEV) 287

'17

600JUMM OFTER Procedure
JENMUJFPI Turn INA

TWR -tr 280* GAV U .'6wf
2945 OSI .- 56W0

t 2908 RW28L 390-*'00 ~

2..8 -....--. Aw- 1.se JII.mI1.s* 2i--ANM- TH5

313 CATEGORY A B C D

2858 RNP 0. 15 DA 3228/40 370 (400-3A)
RNP 0.25 DA 3250/50 392 (400-1)

2800t2 RNP 0.30 DA . 3315/60 457W0-1%4)

TDZ/CL Rwys 10OR and 28L SPECIAL AIRCRAFT & AIRCREW
HIRL Rwy 10OL-28R and 10R-28L AUTHORIZATION REQUIRED

BOISE, IDAHO BOISE AIR TERMINAL (GOWEN FID) (B01)
')rig-A 17DEC09 43*34'N-1I16*13'W (CANEK/EREXE/UTEGE)

RNAV (RNP) Z RWY 28L
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BOI RNAV (RNP) Z RWY 28L (Page 3)

BISE, IDAHO AL-57 (FAA) 10322

APP CRS Rwy Idg 973 RNAV (RNP) Z RWY 28L
A8RS TDZE 288 (CAD/P9MA)

Apt Elev 2871 BOISE AIR TERMINAL (GOWEN FIELD) (BOI

V GPSreqired. For uncompensaled Baro-VNAV systems, procedure NA MALSR MISSED APPROACH: Climb to 6000
beow-4*C (7*F or above 42*C (1 07*F). For inoperative MAiSR -- via track 280* to JIMMI and hold,

incra RNP 0.15 and RNP 0.25 visibility to RVR 6000, and RNP 0.30 to 1%. continue climb-in-hold to 6000.

ATIS BOISE APP CON BOISE TOWER GND CON CLNC DEL

123.9 290.4 119.6 269.4 118.1 257.8 121.7 348 125.9 323.2

MISSED APCH FIX \

1000

5SNM

NOT F 1

280*
z (IAF) 'o(3.1)

PARMO0 // *,,,2880 2913± (AF
(RNP 0.30) Ma' 180 BIA0
(RF REQD) RW8

TDZ/L~ws l R28

60002993 - ZOVAM
11* I (26.8) 3 13

(IF) 4300
HUBAS 390 /(2.9) so0

60520 .4

CADM ELUMY (4.51
S(RNP 0.30) Max 180 IAS 36

R A(RF REQD) R2N Z W 8

ELEV 2871

f I ELUIMY HASTurn NA

TWR 1r20e ZOVAM 60
2945 HOBSI

2908 R2L 3900 520

'A j GP 3.00*
2887 3900

2897 . --- -3.1 NM 1.4NM| 2.9NM|---4.514--6W NM-
A C AOR A | C |D

3136 5Z8 RNP 0.15 DA 3228/40 370 (400-%4)
RNP 0.25 DA 3250/5 392 (400-1)

280 10 RNP 0.30 DA 3315/60 45 50-1%)

"Dj$ w 1OR and 28L. SPECIAL AIRCRAFT & AIRCREW
HIRL Rwys 10OL-28R and 10OR-28L AUTHORIZATION REQUIRED

BOISE, IDAHO BOISE AIR TERMINAL (GOWEN FHELD) (BO0I:

Orig-A 17DEC09 43*34N-116*13'w (CADM/PARMO)

RNAV (RNP) Z RWY 28L
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BOI RNAV (RNP) Z RWY 28L (Page 4)

BOISE, IDAHO AL-57 (FA) 10322

APP CRS Rwy Idg 9763 RNAV (RNP) Z RWY 28L
2 0; TDZE 288 (ANGS/EMET

Apt Elev 2ff71 1BOISE AIR TEMINAL (GOWEN FIELD (BOI
V GPS required. For uncompensaed Baro-VNAV systems, procedure NA MALSR MISSED APPROACH: Climb to 6000

below -14*C (7'F) or above 42*C (107'F). For inoperative MALSR -- via track280*0 JIMMW and hold,
increase RNP 0. 15 and RNP 0.25 visibilit to RVR 6000, and RNP 0.30 to I1%. Icontinue climb-in-hold to 600.

ATIS BOISE APP CON OSETWR GND CON CLNCc DE
123.9 20.4 119.6 28.4 11. 278 121.7 348.6 125.9 323.2

MISSED APCH FIX
1 .6

AF
EMETr

(RNPO0.30) J
(RF REQD)

2800
-2(3.1) 4T80 1wA

1 '':,,,,,2880 21 3± (0.6)

2809

-(1.1)

SNOT FOR NAVIGATIONAL USE
M28L

6000W28713ICUJY Procedure
ZIZAZ Turn NA

" UNCOY
IrO20*6DO0

RW28L 3

2,- GP3

---- 3. NMDW 1J NMm NA. M19NM31M32M

31 CATEGOR A 68C

RNP0.15 D 3228/40 370 (400-A)
RNP_0.25_D 3250/50 392 (400-1)

280t2 RNPO30 DA 3315/60 457 (500-1)

TDCL Rwys10RandR28L SPEC AL AIRCRAFT & AIRCREW
HIRL Rwys 10L-28Rcand 10R-28L AUTHORIZATION REQUIRED

BOISE, IDAHO BOISE AIR TERMiNAL (GOWEN FIELD) (BOI)

Jrg- 17E0 4334N11*1' (AG/EMETT)

2858 1EC 0. @315NDA 16o13 RNAV (RNP) Z RWY 281
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BZN RNAV (RNP) Z RWY 12 (Page 1)

CATEGORY I A B C
RNP 0.30 DA 4791-1 348(400-1)

SPECIAL AIRCRAFT & AIRCREW
AUTHORIZATION REQUIRED

BOZEMAN, MONTANA
Orig 29JUL10 45N-11 1007W

BOZEMAN/GALAlN FIELD (BZN)
(LMNGSTON)

RNAV (RNP) Z RWY 12

z

0

0

5.
0
-J

0

cmJ

0

N
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BZN RNAV (RNP) Z RWY 12 (Page 2)

BOZEMAN, MONTANA

APP CRS Rwy Idg 8994
1230 TDZE 4443

Apt Elev 4473

AL-59 (FAA) 11069
RNAV (RNP) Z RWY 12

(oxIT
BOZEMAN/GALLATIN FIELD (BZN)

re GPSdRred. For uncompensaed Bar-VNAV syss, m MALSR MISSED APPROACH: Climb to 8300 via track
VNb -23C(-l 10F) arabove 39Cn(10r. WieVGSI NPAn3 123* toHETSI, andVia ight umto HAXAG,p10iraeu NA at nih.Far inoperative MALSR increase RNP 0.3 anT i rc 2 I EEadhl
visibility to I K all Ct. :- advabc *#THSanho.

ATIS SALT LAKE CENTER BOZEMAN TOWER* GND CON UNICOM
135A26 132A 338.3 118.2 (CTAF) 121.8 122.95

T FO AVI ION
,fpv'7133-

V0s*ESE .6U

7NM
7N'5600 JURA /531

TEB (5.21

Max180KIAS 1230 RF REQUI
(3.5)*

7200
WNIX C2.9) A44 . RW12 59

Max 180 KIAS 4793 A -
46 H

240 c
5082
50 26926A 601 RA

8 1 200 123*3t

Prcd2e800 HES.HXG HS

960R0

G 3100 (IF) X. M 6

CATEGORY- A 9 5.N.N

RNPO0.30ODA 4791-1 348(400-1)

SPECIAL AIRCRAFT & AIRCREW RA4R3y30

AUTHORIZATION REQUIRED HIRLtRwy1230

BOZEMAN, MONTANA
Orig 29JUL10

45*47'N-111*09'W

0

0

z

BOZEMAN/GALLATIN FIELD (BZN)
(OXM

RNAV (RNP) Z RWY 12

C

0

0

;ci

0

180



BZN RNAV (RNP) Z RWY 12 (Page 3)

OZEMAN, MONTANA AL-59 (FAA) 11062

APP CRS Rwy tdg SI9 RNAV (RNP Z RWY 1
123o TDZE 4443 (GODFE/THESE/WHITEHALL

Apt Elev 4473 BOZEMAN/GALLATIN FIELD (BZ
V GPS ired. For uncomlpsated Baro-VNAV p re MALSR MISSED APPROACH: Climb to 8300 via track

NA -23*C (-1 *F) above 39'C (102F).mVGS inp, -- 123* to HETSI, and via right turn to HAXAG,
proey t n t For inoperative MALSR increase RNP . I and via track 320* to THESE and hold.

ATIS SALT LAKE CENTER BOZEMAN TOWER* GND CON UNICOM
135.425 132.4 338.3 118.2 (CTAF)S 121.8 122.95

re NA for arrivols at A) 15 12
THESE via V343 northwest bound. E N

( 0.50) reN fr6a a

(16.2) 7133

8300 464 1
5* (26.9) 0 TESE

7 M ~e (8.6) 123*( 5

HUXN WOSA 1 6 / 531

HAo 123* RF REQU1
z HIA (FAF) /(3.5)

(RNP 0.50) JURAL2
C RW12 123.2

4793 A 
0

* 240LA

8 5082
p 6926 

60 10

6CH73

X5M 2A6M 3.5NM 1

C T R NAVIGATN L U ELEV 4473 TDZE 443 z

1230 D
/RW12

Procdure8300 HETSI HAXAG THESE
Turn NA 123 320

HUXAN RQIE 3200
WOSAG

JURAL

56 10 69TRt

7400 1"'''I230' RW12A

GP 3.00*1
TCH 53

-AS5NM--2.6NB 3.5 NM A1

RNP 0.30 DAI 4791-1 348(400-1)

SPECIAL AIRCRAFT & AIRCREW PIR"30$
AUTHORIZATION REQUIRED HIRL Rwy 12-30

BOZEMAN, MONTANA BO2EMAN/ GALLATIN FIELD (BZN)
Orig 29JUL1 0 5A7NIII VW(GODIFE/THESE/WHITEHAU.)

45*7'-11'0'W RNAV (RNP) Z RWY 12
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PSP RNAV (RNP) Y RWY 31L (Page 1)

PAlM SPRINGS, CAlIFORNIA AL-545 (FAA) 10210
APP CRS Rwy Idg 8500 RNAV (RNP) Y RWY 311

30w TDZE 430 (BAM pAApt Elev 477 PALM SPRINGS S NS
SGPS required. Procedure NA when control tovwr closed.

NA Fo un oe V V8 (1 em,0roedr1NAbeo MISSED APPROACH: Climb to 1800, then climbing
Misse approach reuires minimum climb of 340' per NM to 3000. right tumn to 400 direct TRM VORTAC and hold.
Visibility reduction bjhelicopters NA.

AOCLAs 12 709 * PALM SPRINGS TOWER* GND CON CLINC DEL UNICOM
118.25 1135.275 251.1 (NE-SW) 119.7(CTAF)S 377.05 121.9 128.35 122.95

RIF REQUIRE

A1I1471 i i ail
053 12. N

929±

0A

76 683 A2701

629 .559.P.SPR.G

0T6

RW31 1100
49t (RNP 0.30) 6000

HIC5

(FAF)
JISOP U GAS

31 I.

:n 26132 "
7.3 4 NM

-iTHERMAL

ELEV 477

516
8004000 TRM TEVUC *475

7tIN A 2900 I
F Ach course ORIet 1.R1* 305

ITCH 56 TDZE
7.3 NM 3.S NM 430

CATEGORY A B C D

RNP 0.30 DA 734-1I 304 (300-1) 309* to/
SPECIAL AIRCRAFT & AIRCREW MIL Rwy 13L31 RW

AUTHORIZATION REQUIRED REL Rwys 13L, 13R, 31 L, and 31 R

PALM SPRINGS, CALIFORNIA PALM SPRINGS INTL (PSP)
Amdtl A 11MARIO 33'50' (BALDI/PALM SPRINGS)

N-116 30'W RNAV (RNP) Y RWY 31L
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PSP RNAV (RNP) Y RWY 31L (Page 2)

PALM SPRINGS, CALIFORNIA AL-545 (FAA) 10210

APP CRS Rwy Idg 8500 RNAV (RNP) Y RWY 31L
3090 TDZE 430 (CLOWD/SBONO)

Apt Elev 477 PALM SPRINGS INTL SP)
YGPS required. Procedure NA when control tower closed.

NAFrucm sldBr-NVstmpoeuNA Abelo MISSED APPROACH: Climb to 1800, then climbing
M9 (35 or above 38C (Iniu clm0o240* N o 00 right turn to 4000 direct TRM VOR TAC and hold.

Visibility reuto yhelicopters NA.

118.25 135.275 251.1 (NE-SW) 119.7 (CTAF)O 377.05 121.9 128.35 122.95

A1147 NOT R NAVIG 30)

02

683 1AA 20756A
629 '559-

AI~

RW31XL 10

20 9 (FAF)

4000 RryOC
* 530

R ANM-

THM
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PSP RNAV (RNP) Y RWY 31L (Page 3)

PALM SPRINGS, CALIFORNIA

APP CRS Rwy Idg 8800
309o TDZE 430

Apt Elev 477

AL-545 (FAA) 10210
RNAV (RNP) Y RWY 31L

(THERMAL)
PALM SPRINGS INTL (SP)

V GPS required. Procedure NA when control tower closed.
NA Forn adBr-NV s s, procedure NA belowCC 80 dSF tr MISSED APPROACH Climb to 1800, then imbingI ?Por=b'4 38-C (102-r clmbog34ht turn to 4000 direct TRM VORTAC ond hold.

Mkissed opproach requires minimum clm nght e N o 00
Visibility reduction by helicopters NA.

CI f A V&I I

ATIS I
118.25

A 114A7±

126.7 370.95 (W-N) PALM SPRINGS TOWER* GND CON
119.7 (CTAF)8 377.05 1 121.9

UNICOM
122.95

929±

-, 6831
756A A

629 'A559

RW31L
449t\

e000n

/00' ProcedureTRM

Final app

TRMYORTC: -
Procedure NA (I.)-

via oirway rodiols THERMAL
203 CW 078 TRM

(RNP 30)

TEVUC
JISOP I

NA 2900
rooch course offset 1.31*

2900

4000

GP 3.10*
TCH 56

7.3 NM 3.8 NM

CATEORY A B C D

RNP 0.30 DA 734-1 304 (300-1)

SPECIAL AIRCRAFT & AIRCREW
AUTHORIZATION REQUIRED

PALM SPRINGS, CAUFORNIA
Amdt 1A 11MAR10 3350'N-1 16*30'W

ELEV 477 1*

A 516

475

50ZP

' 529A

430

309" to
HIRL Rwyl13R-31 L RW31 L
MIRL Rwy 1301 R
REIL Rwys 13L, 13R, 31L, and 31R

PALM SPRINGS INTL (PSP)

RNAV (RNP) Y RWY 31 L

CA

0

4%
t

X

0:

184
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L 10Z dV LO 01 L LZNW 0 11 'i'-MS

ATIS
124.75 125.625
CLNC DEL
127.3 379.975
GND CON
121.9 348.6 (Rwys
133.65 348.6 (Rwys
SALT LAKE CI8Y TOW
119.05 257.8 (Rwy
118.3 257.8 (Rwys
132.65 336.4 (Rwy
SALT LAKE OTY DEP
135.5 316.15

I ~

-n

rn

-O

NOTE: For Non-GPS equipped aircraft:
OGD and TCH DME must be operational for ROCK SPRINGS transitions.

ROCK SPRINGS
OCS

14-32, 17-35) C S
16L-34R, 16R-34L)

16L-34R) (NARRATIVE ON FOLLOWING PAGE)
14-32, 17-35)
16R-34L)
CON PLOGE PLE

FL230 50 KLAS
Resume normalspeed b

after PLOGE AIN
AIi oboo FEYOR

0)760

225* NOTE: If unable to accept climb rates and
k76 crossing restrictions, advise ATC on

initial contact.

0'.

TAKE-OFF MINIMUMS PPIGG c
Rwys 14, 32, 34R, 34L, 35: NA-ATC.
Rwy 16R:Standard with a minimum

climb of 415'per NM to 9000. 4727
ATC climb of 370' per NM From 9000 to 13000.

Rwy 16L: Standard with a minimum climb of 385' per NM
to 9000. ATC climb of 385' per NM from 9000
to 13000.

Rwy 17: Standard with a minimum climb of 370' per NM to 9000.
ATC climb of 370' per NM from 9000 to 13000.

NOTE: DME/DME/IRU or GPS required.
NOTE: RADAR required.
NOTE: RNAV 1.
NOTE: Turbojet aircraft only.

NOT FOR NAVIGATIONAL USE

(NOTES CONTINUED ON FOLLOWING PAGE) NOTE: Chart not to scale.

SW-4, 10 MAR 2011 to 07 APR 2011
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HUCKK

-
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n-4
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L0Z cIdV OO)I. 1,,0 HI1 Ol, i-MS

ATIS
124.75 125.625
CLNC DEL
127.3 379.975
GND CON
121.9 348.6 (Rwys 14-32, 17-35)
133.65 348.6 (Rwys 16L-34R, 16R-34L)
SALT LAKE CITY TOWER
119.05 257.8 (Rwy 16L-34R)
118.3 257.8 (Rwys 14-32, 17-35)
132.65 336.4 (Rwy 16R-34L)
SALT LAKE CITY DEP CON MUCKI
135.5 316.15 103-0 250 KIAS

Resume normal speed
after MUCK

LIFTY

HOLTR NOTE: For Non-GPS equipped aircraft-
OGD, TCH, FFU, and LHO DME must be operational for HOLTR transitions.

.001'

SAWGI

FRALL

Fn

-,,

-rn

0

0 9
M j

O 0
2

Bfl4
;ci-..- I

TAKE-OFF MINIMUMS PPIGG c
Rwys 1, 32, 34R, 34, 35: NA-ATC .
Rwy 16R:Stondard with a minimum

climb of415'per NMto 9000. 4727
ATC climb of 370' per NM from 9000 to 13000.

Rwy 16L Standard with a minimum climb of 385' per NM
to 9000. ATC climb of 385' per NM from 9000
to 13000.

Rwy 17: Standard with a minimum climb of 370' per NM to 9000.
ATC climb of 370' per NM from 9000 to 13000.

(NARRATIVE ON FOLLOWING PAGE)

NOTE: IF unable to accept climb rates and
crossing restrictions, advise ATC on
initial contact.

NOTE: DME/DME/RU or GPS required.
NOTE: RADAR required.
NOTE: RNAV 1.
NOTE: Turbojet aircraft only.

NOT FOR NAVIGATIONAL USE

(NOTES CONTINUED ON FOLLOWING PAGE) NOTE: Chart not to scale.

SW-4, 10 MAR 2011 to 07 APR 2011

00

HUCKK
12000 230 KIAS

-4

rn.~ 0

z

Az
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LL0idV LOO1 OZ 0IVV10 '-MS

ATIS
124.75 125.625
CLNC DEL
127.3 379.975
GNDCON
121.9 348.6 (Rwys 14-32, 17-35)
133.65 348.6 (Rwys 16L-34R, 16R-34L)
SALT LAME CITY TOWER
119.05 257.8 (Rwy 16L-34R)
118.3 257.8 (Rwys 14-32, 17-35)
132.65 336.4 (Rwy 16R-34)
SALT LAKE CITY DEP CON
135.5 316.15

NOTE: For Non-GPS equipped aircraft:
OGD, TCH, BVL, and MLD DME must be operational for HAYDEN transitions.
OGD, TCH, BVL, OCS, and MLD DME must be operational for MEEKER transitions.
OGD, TCH, BVL, and FFU DME must be operational for MYTON transitions.

(NARRATIVE ON FOLLOWING PAGE)

NOT FOR NAVIGATIONAL USE

Z

Op

3x;

rn

rn

;<rI

-

rn

ZO'

HAYDEN
CHE

000
PERTY *

HUCKK pL9
12000 230 KIAS HERTS

065' 13000 k6 (62) NOTE: If unable to accept climb rates and
N kl LEETZ *11700 crossing restrictions, advise ATC on

6 091 0) CHEDO initial contact.
FL230 250 KIAS NOTE: DME/DME/IRU or GPS required.

DEWBO Resume normal s NOTE: RADAR required.
17000 after CHE NOTE: RNAV 1.

ZEETA - *'i0 1600 FLi90 NOTE: Turbojet aircraft only.

10000 092*-- 15000 FL23

161* MURFI (10) P 93JA (3500FL230 250 KIAS UPJAR (53) 0~90 ._b
TRume nomlse0ed BORZI (112)TAKE-OFF MINIMUMS PPIGG after MURFIMEEKER

Rwys 14, 32, 34R, 34L, 35: NA-ATC. . FL 90 EKR
Rwy 16R:Standard with a minimum FL190

climb of 415' per NM to 9000. 4727 17T 97t- *
ATC cimb of 370' per NM from 9000 to1300 () Oppo LEGBE

Rwy 16L Standard with a minimum climb of 385' per NM FL230 250 KIAS LOFOG
to 9000. ATC climb of 385' per NM from 9000 Resume normal speed (4)0
to'13000. after DOCKT. 4 ;

Rwy 17: Standard with a minimum climb of 370' per NM to 9000.~ MYTON
ATC dimb of 370' per NM from 9000 to 13000. (NOTES CONTINUED ON FOLLOWING PAGE) MTiN NOTE: Chad notto scale.

SW-4, 10 MAR 2011 to 07 APR 2011

i



LLO HdV L0O 0 W VY 0 '-MS

TAKE-OFF MINIMUMS
Rwys 7L/R: Standard with minimum climb of 400' per NM to 8000.
Rwys 25L/R: Standard with minimum climb of 470' per NM to 9000.

DME/DME/IRU or GPS Required.
RNAV 1.
RADAR REQUIRED
For non-GPS equipped aircraft departing Rwys 25L/R:
LSV, BILD, BTY and TPH DMEs must be operational.
For non-GPS equipped aircraft departing Rwys 7L/R:
BLD, BTY and TPH DMEs must be operational.

ATIS 132.4
CLNC DEL

118.0 379.95
GND CON

121.1 270.8 E of 1R/19L
121.9 254.3 W of 1R/19L

LAS VEGAS TOWER
119.9 257.8 {Rwy 7l/25R, 7R/25

LAS VEGAS DEP CON
125.9 307.25

NOT FOR NAVIGATIONAL USE

2681 BAKRR

- n
9>

rn

z

Q

.-'z

TARRK
11000

WASTE (6)
7000(ATC)

ROPPR
7W (ATC)
6500

(NOTES CONTINUED ON FOLLOWING PAGE)

(NARRATIVE ON FOLLOWING PAGE) NOTE: Chart not to scale. HITME

SW-4, 10 MAR 2011 to 07 APR 2011

N

COALDALE
OAL

KENNO 4

NOTE:
NOTE:
NOTE:
NOTE:

NOTE:

RBELL

M Co

rn

-.n,

,,

z
z

FL21 0
3020
(10)

DBIGE.
FL21 0

SHEAD
14000
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(DARTZ3.DARTZ) 10098
DARTZ THREE DEPARTURE (RNAV)
(RWYS 35L/C, 36L/R)

DALLAS FORT WORTH INTL (DFW)
SL-6039 (FAA) DALLAS-FORT WORTH, TEXAS

ATIS 135.925
)K CLNC DEL

128.25
GND CON

121.65 121 .8 (EAST)
121.85 (WEST)
DFW TOWER

126.55 127.5 (EAST)
124.15 134.9 (WEST)
REGIONAL DEP CON

126.47 363.15 (Rwy 36R/L)
118.55 290.35 (Rwy 351/C)

0-

NOT FOR NAVIGATIONAL USE NOTE: For non-GPS
equiped aircraft
departing Rwys 35L

MYGAL CVE, FUZ and CQY

SKTRR must be operational

NOTE: For non-GPS
equiped aircraft using
NAVASOTA TRANSITION 3
LOA must be operational.

NOTE:
1. DME/DME/RU or

GPS Required
2. RNAV 1. NOTE: For non-GP

equiped aircraft
departing Rwys 36

NELYN JASPA ARDIA " FUZ and CQY must
operational.

DARTZ
WACO

ACT
ELLVR BRDEN

NOTE: Rwy 13L/R, 17L, 31 L/R, 35R:
NA - air traffic. WINDU RNN

NOTE: RADAR required.

NOTE: For use by Turbojet Aircraft only.

TAKE-OFF MINIMUMS: BILEE

Rwy 35C: Standard with minimum climb of 536' per NM to 6500.
Rwy 35L: Standard with minimum climb of 530' per NM to 6500.
Rwy 36L/R: Standard with minimum climb of 500' per NM to 5500. NAVASOTA

NOTE: Chaftnoo scale (NARRATIVE ON FOLLOWING PAGE)

/C,

S

b/R,
be

0

0

04

C4

DARTZ THREE DEPARTURE (RNAV)
(RWYS 35L/C, 36L/R)
(DARTZ3.DARTZ) 10098

DALLAS-FORT WORTH, TEXAS

DALLAS FORT WORTH INTL (DFW)

MARSN

(A

C)

0

-

4U

190



(DARTZ3. DARTZ) 10098
DARTZ THREE DEPARTURE (RNAV)
(RWYS 17C/R, 18L/R)

DALLAS FORT WORTH INTL (DFW)
SL-6039 (FAA) DALLAS-FORT WORTH, TEXAS

NOT FOR NAVIGATIONAL USE

Rwy 18L/R: Do not exceed t ~Rwy 17
240K until LARRN. .1 24

0 a0 0

LARRN TREXX
5000 240K. 5000 2401

or non-GPS
aircraft using i-"
OTA TRANSITION - *
st be operational.

DME/DME/IRU or
GPS Required UZIE
RNAV 1. *

ELYN JASPA ARDIA

ATIS 135.925
CLNC DEL

128.25
GND CON

121.65 121 .8 (EAST)
121 .85 (WEST)

DFW TOWER
126.55 127.5 (EAST)

124.15 134.9 (WEST)
REGIONAL DEP CON

125.12 353.95 (Rwy 17R/C)
125.12 353.95 (Rwy 18R/L)

C/R: Do not exceed
0K until TREXX.

NOTE: For non-GPS
equiped aircraft
departing Rwys 17C/R,
18L/R, CVE and FUZ
must be operational.DALBY

WACO

Q ELLVR

DARTZ T

BRDEN

NOTE: Rwy 13L/R, 17L, 31 L/R, 35R: WINDU TORNN

NA - air traffic.

NOTE: RADAR required.

NOTE: For use by Turbojet Aircraft only. BILEE

TAKE-OFF MINIMUMS:
Rwy 17C/R, 181/R: Standard with minimum climb of 500' per NM to 5000. NAVASOTA

NOTE: Chart rotto scale (NARRATIVE ON FOLLOWING PAGE)

DARTZ THREE DEPARTURE (RNAV)
(RWYS 17C/R, 18L/R)
(DARTZ3.DARTZ) 10098

DALLAS-FORT WORTH, TEXAS

DALLAS FORT WORTH INTL (DFW)

co)
0

4, NOTE: F
equiped
NAVASI
LOA mu

NOTE:
1.1

2.

0co4

191
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KB01/801 N
BOISE AIR TERMINAL/GOWEN

*-AT 0 SOE M ow r Gred

12 . | 119.6 | 118.1 | 121.7
Finl I.MN.A, M0(H A$"m uv A tm& Im'1t *v 2871'

280* 3900'tronaI 3228'Im2 m 2858'
asmoAmt Clinb to 6000' via 280- track to JILAMI and hold, -400'

Continu, climb-In-hold to 6000'.
Alt S.?: INOES iTut. i.,,.: FL180 Trtam Wit: NI t'

I. NUOAL ASDAF A AW-OW AiO ATI u. a. o F FqdAL AFor msmtRmatsd Satu.WOV syton. pt.A.. no .utteddi W=4*-C CMF) M" Rt.A

1/85

j ELL~sass,-~

Le/o

$4 y 1Mr&

1*33

tA A---- - -- - - - ---

G3: Jeppesen Current Charts

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011

Figure reduced for illustrative purposes only
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Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011

Figure reduced for illustrative purposes only
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DAPI79'~') mtowS 443'
irac to HETSI, aid via RIGHT i2tO

MM110M 2.0 id 1

141= - mep reei.et utliel uat AU5. AWlS

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011
Figure reduced for illustrative purposes only
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KPSP/PSP .AEPPE1EN
PALM SPRINGS INTL (1I2)

PALM SPRINGS, CALIF
RNAV (RNP) Y Rw 31L

ATIS (ASOS when Twr Inop) Ws No R) LOS ANGELES Center (R) PALM SPRINGS Tower eGround
W18t5North 1. 1.wnpn CTlSouthwe1t9I 118.25 126.7 135.27 128.15 when Am np.l IcTAF 119.7 121.9

RNAV

MIsSW APCH: Climb to 1800', then climbing RIGHT turn to 4000' direct
TRM VOR and hold. Missed approach requires minimum climb of 340'/NM to 3000'.
Alt Set: INCHES Trans level: FL 180 Trans alt: 18000'
1. SPECIAL AIRCRAFT A AIRCREW AUTHORIZATION HEQUIUD. 2. OPS required.
3. For uncompensated Baro-VNAV systems, procedure not authorized below 2*C (35*F)
or above 38*C (102*F). 4. Procedure not authorized when control tower closed.
5. Visibility reduction by helicopters not authorized. 6. Final approach course offset
1.10*. 7. Pilot controlled IIghting 119.7.

/** 444 RF. r~oe d Pd
not au thzed va al
radiala R- clockwis

- RW31IL (IAF) 0

33-50 449' r-ALM SPRINGS-/%
Ie 1 1 5 .5 P S P 11 

o

a 12,700'

MSA RW3IL

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011
Figure reduced for illustrative purposes only
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Final Minimum Alt RNP 0.30 Apt Eev 477'
Apch Crs JiSOP DA(H)
3090 2900'(247o') 734'(304') TDZE 430'



SALT LAKE CITY,
KSLC/SLC -JEPPESEN UTAH
SALT LAKE CITY INTL 14 NOVOg 0.3_B) "

1. RADAR required.
2. DME/DME/IRU or GPS required.
3. RNAV 1.

SALT LAKE00Y 4. Turbojet aircraft only.
SAL * TrAnE lv:. If unabie to accept climb rates and crossing restrictions, advise ATC on initial contact.

135.5 4227' Tr. HAYDEN Transition: For non-GPS equipped aircraft BVL, MLD, OD and TCH DMEs must be operational.
7. HOLTR Tranition: For non-GPS equipped aircraft FFU, LHO, OD and TCH DMEs must be operational.
. MEEKER Transition: For non-GPS equipped aircraft BVL, MLD. 00S, 0OD and TCH DMEs must be operational.

8. MYTON Transition: For non-OPS equipped aircraft RVL, FFU, OGD and TCH DMEs must be operational.
10. ROCK SPRINGS Transition: For non-GPS equipped aircraft OGD and TCH DMEO must be operational.

S0-LEETZ TWO RNAV DEPARTURE
(LEETZ2.LEETZ)

At 250 KT
At or bow ... SAWDRK I

FL290 ft

Resume
Direct ditatce from Sait Lek* City Intl to: no mal spead At 250 KT NPPIGG 4 .M1 after MUCKI Ai or beiow NOT TO SCALE

MAU 9068FL230
wfirr At _^. 0 KT esm

At or above At or below normal speed
18000' FL230 after CHEDO

N Resumne0 _
normal speedpg4yafter PLOGE

At 230 KT LEETZ-- APS'

12000' 13000 b200T t 0 0 4.7

At or below ' C
1008' 104

1 
WASAT~ 0~ CufHE

This SID requires take-off minimuma 701 *A9M2
(for standard minimume, refr to airport chart)-
Rwye 14, 32, 34L/R, 35: Not authorized - ATC. t*
Rmy 10L: Standard (or lower than staodard, It A p ofrARauthorized) with minimum climb of 385' par NM p Ct 0. ATC climb of 385' per NM from 9000' 11,0
Rwy 18R: Standard (or lower than standard, If ppR* At 250 KT
authorized) with minimum climb of 415' per NM X i At or below MEEERto 9000'. ATC climb of 370' per NM from 9000' FL2OR EKR
Rwy 17: Standard (or lower then standard, if At or above X ResueA g
authorized) with minimum climb of 370' per NM 4727' normal speed
to 9000'. ATC climb of 370' per NM from 9000' after DOCKT F
to13000'. O At or above At 260 KT I.,Ond speed-K | 477 150At or below
370' per NM 483 817 28 123311542 100 PL230
385' per NM 4011842 903 12831004 195 Resume
41' per NM 019 892 1038311720 207 normal speed

RWY INITIAL CLIEM ALTITUDE MYTog

16L/A Climb heading 161* to 4727', than RIGHT turn direct PPIGG, Rwy OL/1R: Multiple light poles beginningMT
then via depicted route to LEETZ. MAINTAIN FL230 or 988' from DER, 689' RIGHT of centerlinu. up to

07 Climb heading 100' to 4727', then RIGHT turn direct PPIGG, lower filed altitude. 34' AGL/4254' MSL.
then via depicted route to LEETZ. Roy 17: Multiple fight poles beginning 988' from

ROUTING MLR, 089' RIGHT of centerline, up to 34' AGL/
4254' MSL. Vehicle on road 434' from DER, 518'

Via transition. EXPECT fiied altitude 10 minutes after departure. RIGHT of centerline, 17' AGL/4237' MSL.
CNAVGES Clinb gradets, tCm -roIng sititud, HOLT traeition MoCAs, obstacles, prooduro remnbered. 0 A1EIN, 2047, 20M. ALL o1f10 EE0VED.

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011
Figure reduced for illustrative purposes only
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KLAS/LAS
McCARRAN INTL

LASVEGASDeparturer) Aptliv Tranlteve: FL180
125.9 2181' Trunsit 18000'

'mllJEPPE5EN

18MAR11 o

1. DiI/DIIRU or GPS required.
0. NAW 1.
.kAR required.

4. For non-GPS equipped airoraft departing Rwya IL/R, 19L/R. 25L/R: LSV, OLD, BTY and TPH DMEs must be operational.
5. For non-GPS equipped aIrcraft departing Rwys 7L/R: OLD, STY and TPH DMEs must be operational.

MA LAS .R
NOT TO OCAIE

Thie SID requires take-off minimume *LA$ VEGAS
(for Standard minimums, refer to airport chart):
Rwyu 1L/R: 1100-3 with minimum Olimb of 000'
per NM to 6000'. then 345' per NM to 'S D
13000'(ATC).A
Rwys 7L/R: Standard (or lower than standard, At or above
If authorized) with minimum Climb of 400' per 14000'
NMN to BODO' A.,,,r bloRwys IL/R: Standard (or lower than standard. 7000' (C)
It authorized) with minimum climb of 463' per
NM to 9000'. - -c At or abe.
Rwys 25L/R: Standard (or lower than standard, Ar 1006' 6600' Cli heedin to
if authorized) with minimum climb of 470' per a or
Nim 1o 9000'. D then direct waypoint

Gnd speed-KT 75 100 150 200 250 300 At or 67e 16.y At900' -

345' per NM 431 576 803 1150 1438 1725 1

400' per NM 500 667 1000 1333 1667 2000

470' per NM 588 783 1175 1567 1958 2350

483' pr NM 604 805 1208 1610 2013 2415 44.0
500' pIr NM 625 833 1250 1667 2083 2500

RWY INITIAL CLIM le il
Climb heading 010 to 2681 ,te ETtr ietB3Y hno rc rs

IL/ v 14000', then at track 2 ' to cross TARK at 11000', hun on truck 256' to cross SHEAD et or
atbane 14000'.
Climb heading 075* to 2681'. then direct WASTE, than on track 075* to cross 0AKRR at or below

7L 7000'(ATC)/at or above 6000', then on trak 144' to cross MINEY at or above 8000'. then on track
210* to HITME, then on track 2.1' to cross SHEAD at or above 14000'.
Climb heading 070* to 2691', then direct JESJI, then on track 074* to crosu SAKRR at or below

7R 7000'(ATC)/ot or above 6000', then on track 144* to cross MINEY at or above 8000', then on track
210* to HITME, then on track 261* to cros SHEAD at or above 14000'.
Climb heading 190* to 2061', then direct FIXIX, then on track 227* to cross ROPPR at or below 7000'

19L (ATC)/ut or above 6500', then on Trak 210' to cross MODOG at 9000'. then on track 25* to cross
TARRK at 11000', then on track 256' to cross SHEAD at or above 14000'.
Climb heading 190* to 2601'. then direct JAKER, then on track 228* to cross ROPPR at or below 7000'

18R (ATC)/at or above 6500', then on track 210* to cross MDDOG at 9000', then on track 256* to cross
TARRK at 11000'. then on track 200' to cross SHEAD at or above 14000'.
Climb heading 255* to 2681'. then direct PIRMO, then on track 186* to cross ROPPR at or below 7000'

25L (ATC)/at or Above 6500', then on track 210* to croes MODOG at 9000'. then on track 258* to cross
TARRK at 11000'. then on truck 206* to cross SHEAD et or above 14000'.
Climb heeding 2560 to 2681', then direct RIBELL, then on track 106* to cross ROPPR at or below 7000'

000 (ATC)/ut or above 6500', then on track 210' to cross MDDOG at 9000', then on trak 256* to cross
TARRK at 11000', then on track 268* to cross SHEAD at or above 14000'-

COO 1'rCuuteltlt,,oe ramleetue utter detertore. I

OSTACLES
Rwy 1L: Building 1508' from DER, 463' LEFT
of centerline. 71' AGL/2146' MSL. Pole 453'
from DER, 283' LEFT of nenterline, 38' AGL/
2118' MSL. Sign 1042' from DER, 694'
LEFT of nenterline, 35' AGL/2124' MSL.
Rwy 1R: Sign 1331' from DER, 448' RIGHT of
centerlina, 60' AGL/2120' MSL. Vents 604'
irom DER, 030' RIGHT of center tine. op to
17' AGL/200' IdOL.
Rwy 7L: Trees 781' from DER, LEFT and
RIGHT of centorunin. ap to 42' AGL/2074' MSL.
Pole 747' from DER. 442' RIGHT of conterline.
20' AGL/2057' MSL.
Rwy 7R: Tower 1407' from DER, 847' RIGHT
of centerine, 05' AGL/000' MOL.
Rwy 1OL: Multiple bulldings, tress and poise
1394' from DER, 251' RIGHT of centerline. up
ta 00' AGL/0004' IdOL. Si00 2161' Cram DER,
1062' RIGHT of centerline, 36' AGL/2236' MSL.
Rwy 19R: Trees 1563' from DER. 329' LEFT Of
centerline, up to 5' AGL/2236' MSL. Multiple
buildings, signs and poles 197' from DER, 59'
RIGHT o8 cartermlnu. up o n' AGL/2201' MSL.

Direct distance from McCarron Intl
(Rys tL/R) to: SESY 7 NM
(Ry 71) eo: WAS7E 4 M
(Owy 70) to: JESJI 4 M
(wy 19L) to: FiXIX 5 M
(Rty 19) to: JAKER 5 WA
(Roy 25L) to: FIRMS 5 MR
(Om 25R)1to; RSELL 6 NM

Rwy 20L: Multiple poles, sign and buildings
1003' from DER. 145' LEFT of centerline. up
to 97' AGL/2291' MSL. Tres 2837' from DER,
1000' LEFT of centerline. 72' AGL/2230' MSL.
Railroad 2564' from DER. 773' LEFT of
centerline, 06' AGL12223' MSL.
Rwy 20R: Multiple polen and trees 033' from
DER, 1' LEFT of centurline, up to 271' AGL/
2457' MSL. Building 1822' from DER, 602'
LEFT of centerline, 50' AGL/2238' MSL.
Roads 609' from DER, 17' RIGHT of
centerline, up to 29' AGL/2206' MSL.

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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LAS VEGAS, NEV
McCARRAN INTL

MAINTAIN FL100
rom v a s_ . .A031 213 01AL GM&IO

| ALTITDEILT"rING
SHEAD i tran it | , , . D.

CHMNGfs. N-n.



KDFW/DFW -. JEPPESEN
DALLAS-FT WORTH INTL 2 APR 10 (60-G) 

DALLAS-FT WORTH,
TEXAS

MrONAL Departure (R) I DME/DME/IRU or GPS required. 2. RADAR required. 3. For Turbo-Jets only 4. RNAV 1.aWnS 17C/R, 1s/a . woS3L/C ,RWyt/ Apt Ela Tran level: FLIS S. For non-GPS equipped aircraft departing RWYS 17C/R, 18L/R: OVE and FUZ must be operational. 6. For non-GPS equipped
5607 Trees alt: 1000' airoraft departing RWYS 35L/C: CQY, CVE and FUZ must be operational. 7. For non-OGS equipped aircraft departing RWYS 36L/R:125.12 118.55 126.47 CQY and FUZ must be operational. 0. For non-GPS equipped aircraft using NAVASOTA Tranesition: LOA must be operational.

2700'

Dircft distanc from Daelis-Ft Worth Intl
(Rwys 17C/R) to: TREXX 11 I F
(Rwys 1et/R) to: LARRN I1 I
(Rwyc 35L/C) to: MECHL I NM
(Rwys 36L/a) to: GOVINE 7 NM

This SID requires take-off minimums
(for standard minimums, refer to airport chart):
Rwya 17C/R, 18L/R: Standard (or lower then
staodard, if authorized) with a minmum
climb of 600' per NM to 000'.
Roy 35L: Standard (or lower than standard,
If authorized) with a minimum climb of 530'
per NM to 0600'.
Rwy 30C: Standard (or lower than standard,
if authorized) with a minimum climb of 536'
per NM to 6500'.
Rwys 30L/R: Standard (or lower than standard,
if authorized) with a minimum climb of 600'
per NM to 0500'.
Rwys 13L/R, f7L, 31L/R, 35R: Not authorized -
ATC request.
God spead-KT 75 100 110 200 250 300
500' por NM 026 033 1250 1667 203 200
030' per NM 663 83 325 1767 2208 650
538' p-r NM 670 803 1340 178722332.80

Via transition. EXPECT tie aliue1 iua la

DARTZ THREE RNAV DEPARTURE
(DARTZ3.DARTZ)

-.260T 4t10P MAPS e
.GAM At3 oAt or aboo 500'

_S Do not exeed
P0 240 T

NO TO500' SCL untll MAVKS

"LI 24tO KYR 400 At*Wo
NTTO SCALEI M T t

ACT|

-a. t.

TORNN TRANSITION
For aircraft landing

Lafayette, Lake Charles
or Beaumont/Port

Arthur airports

BILEE TRANSITION ED"5
For aircraft overflying NAVASOTA
BILEE, thence via the TNV
appropriate STAR to

George Bush Intercontinenta .
or EASTERN Houston

terminal airports

0 PEEN, 20N, 2010. ALL IGaTs RnEosaWE.
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eWY INITIAL CLIMB ALTITUDE
Climb heading 174' to 1107', then direct TREXX. cross TREXX at or above

17C 6000' . then on deplted rout, to DARTZ.
NOTE: Do not exceed 240 KT until TREXX.
Climb heading 174* to 1107'. then direct TREXX. orose TREXX at or above

17R 5000'. than on depicted routs to DARTZ.
NOTE; Do not exceed 240 KT until TREXX.
Climb heading 174* to 1107', then direct LARRN, cross LARRN at or above

1L 5000', then on depicted route to DARTZ.
NOTE: Do not exceed 240 KT until LARRN.
Climb heading 174* to 1107', thean direct LARRN, cross LARRN at or above

15R 6000'. then on depicted roote to DARTZ.
NOTE: Do not exceed 240 KT until LARRN. MAINTAIN

10000'Climb hoding 354* to Intercept 011* course to MECHL, cross MECHL at or
35L above 4000', then on 080* track to MAVVS, cross MAVV8 at or above 6500',

then on depicted route to DARTZ. NOTE: Do not exceed 240 KT until MAVVS.
Climb heading 364* to Intercept 010* course to MECHL, cross MECHL at or

35C above 4000' , than on 005* track to MAVVS, cross MAVVS at or above 6600',
then on depicted route to DARTZ. NOTE: Do not exceed 240 KT until MAVVS.
Climb heading 354' to Interoept 338' course to GVINE, then on 260' track to

36L KMART, cross KMART at or above a00', then on deplcted route to DARTZ.
NOTE: Do not exceed 240 KT until KMART.
Climb heading 354' to Intercept 336' course to GVINE, then on 260' track to

36R KMART, oross KMART at or above 5500', then on depicted route to DARTZ.
NOTE: Do not exceed 240 KT until KMART.

ROUTING0

O Mat ru er seW , remi '



G3: Jeppesen Modified Charts

KB01/BO! m
BOISE AIR TERMINAL/GOWEN

D-ATts 1o1A..* 1I) som ?..,r.

12. 1. 1.17
Ll3.119,6 | 118 1 21.7

Fia *i1MM l I ,tw 2.i
51 RNAV Apc ro No OA(H) Ap#Et 2871'

1280* 3900'oer) 3228'<->' rom 2950'
m APCI6 Climb to 6000' via 280' track to JIMMI and hold. na0'

Continue climb-in-hold to 6000'.
Alt t: INOS Tmat Wi:l FL 10 Traa &lt: ISt00'

r- AUVHO NyATIstems predu0. 2. uPdor -qW*d.
a. Fort amed 9wo-VNAV syltow, proemiw. 'tot mltt'ttnd belowo -10C (7*F) AtARWS
or abot 42-C (I 07-n.I

(RN 0.30)
(W ri qrrod)

s% JIMu

Am"

NOT FOR NAVIGATIONAL USE
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KBOI/BOI MU --MWEPPsMuNa BOISE
BOISE AIR TERMINAL/GOWEN (I~5)RNAV (RNP) Z

F-1 CANEK/UREXE/UTEGE TRANSITIOMmainun A M o.15 Ar#t v 2871'ar"v Ash cra Noe DAMH) 2Ceisae1I-
280* 890'peg $28'1atm r) 2850'

MIsN AcM Climb to 6000' via 280* track to JIMMI and hold. (I'M,
Continue clim-b-in-hold to 6000'.\
Ali Set: mCHES1 Trans level: FL 80 Tranm all: 18001AUmranoNAI WIQUAW. 2. OPM Rquired.
3 For Wtoacmested Baro-VNAV syrstemts, procedure not. uthorized below -14'C (7"F )
or above 42*C (107'Fl .M*"

FOR FINAL APP

Wampa H=a

eWm& CEfAV

noes: UEN

sa9'A OFE

s3709
NOT--FOR-NAV-GATIONAL --USE

Rerdcdwt emsino epsnSnesn n.NOT FOR NAVIGATIONAL USE

Jeppesen Sanderson, Inc. Copyright @D 2011

Figure reduced for illustrative purposes only
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KBO/B01 m" WJEPPElEN B01!
BOISE AIR TERMINAL/GOWEN RNAV (RNP) 2

-ns Aporm. (1) I .. ..

1 90119.6 1181 11.7RENL TRANSIT

Finn) 8709i h I w iv 8 1 h r S ai:II

NW A" " Pof AA

i280*- 3900'iELEn'; 32211'lm') 1 Da 2858'
Amssia Aro CIhInb to 6000' via 280* track to .IIMMI and hold. .90
Continueo climrb-in-hold to 6000'.\

Mlt: NWPM Trr lee:F 180 Tras *If: 18100
.For r o-VNA, system, procere not outherized below -I WC (?-

or 442307F) I53.35 4.

NOT FOR NAVIGATIONAL USE

JepsFOR FINAL AP P

Ngpr Nr f s t

RW2812

moa$n ZOVAM

- c

Jeppesen W SadroInc oprgh 21

Fiur reducedr for illusrativ purose onlyal
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KB0/BM 1j -- '1EassessEN
BOISE AIR TERMINAL/GOWEN (I 2)RNA

123.9~ CADKI1. '1. /PARM I
MNAV ApchCre "mu DA(N) tl 27 Ch

200 3900'1rea7 3228'(8no) ros 2158'
'ea ae limb to 6000 via 280* track to JIMMI and hold. ne

8. For.uncaqmpessedweo-VNAV system, procedura not authorized below -14'C (7'F)
.Naov 2C(10-) A *8

NOT FOR NAVIGATIONAL USE

J14Mw

FOR FI1NAL
-- _EE_- 1 _2 2

2913

Smx ZOVAM

HUBAS 10, ae CIPSA
Ax 190 KIAS

ELUMY A5% (MNP 0.) MAX 180 KlAS
3mA 1tarequired)

R-32030

JI&JO1
mm. . Am....
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KB01/801 
'

BOISE AIR TERMINAL/GOWEN
0-ATIS COISE Appreads (1) somG Towe Greomd

12 .9 1 11. 1. 121.7 CADI/PARM
Fival r 'N At APf El 2871'

ff"V A Nom' I~ DAN
1 280* 13900'00oa2 3228'/m7o2 rMo 2868'

nissa Amc: Cl imb toa 6000' via 280* track to JIMMI and hold. 90
Continue climb-in-hold to 6000'.
Alt &et: INCHES Tranm loyal: 111180 Trarnsit: 110110
I. AUmaOWZATON UQL M. 2. OPf Requfred.e
3. For emnomtd Baro-VNAV systems, procedre not authorized below -14*C (7*) "RW8

NOT FOR NAVIGATIONAL USE

* 4. FOR FINAL

RW2*L

IzovAM

HUBs .ee 3560 cIPs
'1,1 S MAX 110 KIAS

3306 '3P .0) AM 180 KLA5
(IF reqiuired)

R-3203D

OfANOg: VOLPE/MU? Ies char.
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'~W-IPPEUEN BOZEMAN MONT
RNAV (RNP) Z Iwy 12

ft I FIRSoI Minh,,oAII 0.80 Apt eov 4473'
123' 5600'1sr2| 4791'tsaa n ran 4443'

Jmss meAna. Climb to #=o'via 123* tradk to HETI, ani via RIGHT nac'

tu t NMA A mi

.... m.I A JOXrT TRANSITON

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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KBZN/BZN 'WJ'PPESEN
GALLATIN EM i -

BOZEMAN MONT
RNAV (RNP) Z kwy 12

A Ala;;0ITwr.* I MTL4AK C" -OMMCk. .. A
1 3542 1324 1 182 121.8

ne A M WI Alt a 0 J Apt 4473' 3
I 123* 6600'in 4791'(5a) n ta4443'

eAo ClIrn to 8300' via 123* track to HETSI, and via RIGHT 12,00

trd. 3. FT r SVAV ra- ototo et authorized below
tot'. Il." ir IeY .- 4 YWbmVG1 hep. prb..dur.e W~o awhatmd at AU5. RW12

otolled 2: tt

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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4 CIA.: 116.2 121.8
"" I W0.50 Art iLev 4473'

',,,' 4791*(') m 4443'
W trad to HETSt, aid via R1GHT 12,200'

W W h'mupolde0 Izdb
MhMVOS IoqMPrss. a0imiId d ON A ~l

GATEY KASM #MW Y3N Ito"
9000 u-3r r Riv

300' 100 .. L r. ,&1,a

,721301:00
7 2 0 0' 6600' J 440']r 2 4 3

1Y4
I -1', -1- " rj300'q

a .123' lfTS l

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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KPSP/PSP
PALM SPRINGS INTL

,MiJEPPESEN
4 M2AR -I

PALM SPRINGS, CALIF
RNAV (RNP) Y Rwy 31L

*SOCAL th R LOS ANGELES Center (R) PALM SPRINGS Tower Ground
West-North t 1h .27 1 12 .1hthweAtn I C
126.7 135.27 129.15.'a..ioI cTAF 119.7 1121.9

JISOP TEVUC
(GP Intpt) 4000'

RWJL 1o*1 900' 209

(TCH 56']

TDZE 430' 6.5 3.8
- 0 7.3 11.1

Gnd speed-Kts 70 90 1100 1120 1140 1160
Decn nl 31]364 494 1546 1658 1768 1878 REIL 11800' 4000' R

MAP at DA IAI- fORT 116.2
STRAIGHT-IN LANDING RWY 31L

RNP 0.30

DA(H) 734'(304')

A A

CHANGES: VOLPE/MIT test chart. 0 JEPPESEN, 2005, 2011. ALL RIGHTS RESERVED.

Reproduced with permission of jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011
Figure reduced for illustrative purposes only

207



KPSP/PSP
PALM SPRINGS INTL

~7llWJEPPESEN

M 1
PALM SPRINGS, CALIF

RNAV (RNP) Y Rw 31L
ATIS (ASOs when Twr Iep) C. Approach (w) I LOS ANGELES Center (R) PALM SPRINGS Tower *GrosW

West-N | h 1orthes5t-southwest 1 . I
118.25 1126.7 135.27 1128.15 1pta~ cTAF 119.7 121.9

RNAV
Final MInimum Alt RNP 0.30 Elev 477'

Apch Crs .IiS0P DA(H)
309* 2900'(247o') 734'(3o4) TDzE 430'

MISSED APCH: Climb to 1800', then climbing RIGHT turn to 4000' direct
TRM VOR and hold. Missed approach requires minimum climb of 340'/NM to 3000'.
Alt Set: INCHES Trens level Fl 180 Trans alt: 18000'
1. SPECIAL AIRCRAFT & AIRCIW AUITHONZATIONl REQIJIRE. 2. GPS required.
3. For uncompensated Baro-VNAV systems, procedure not authorized below 2*C (350F)
or above 3VC(12*F). 4. Procedure not authrized when control tower closed.
5. Visibility reduction by helicopters not authorized. 6. Final approach course offset
1.100. 7. Pilot controllied lighting 119.7.

12,700'

MSA RWo1L

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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Figure reduced for illustrative purposes only
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KPSP/PSP _11WJEPPE5EN PALM SPRINGS, CALIF
PALM SPRINGS INTL m A (12-2B RNAV (RNP) Y Rw 31L

ATIS (ASOS when Twr inop) eSOCAL Approach (R) LOS ANGELES Center (R) PALM SPRINGS Tower eGround
West-North Northeast-Southwest

118.25 126.7 135.27 128.15wnApinop. CTAF 119.7 121.9
Final Minimun Alt RNP 0.30 Apt Elev 477'

RNAV Apch Crs JIP DA(H)
3090 2900'(2470) 734'(3o4') IrzE 430'

MISSED APCH: Climb to 1800 , then climbing RIGHT turn to 4000' direct
TRM VOR and hold. Missed approach requires minimum climb of 340'/NM to 3000'. 12,700'
Alt Set: INCHES Trans level: FL 180 Trans aIt: 18000'
1. SPECIAL AIRCRAFT & AIRCREW AUTHORIZATION REQUIRED. 2. G9PS required.
3. For uncompensated Baro-VNAV systems, procedure not authorized below 2*C (35*F)
or above 38*C (102*F). 4. Procedure not authorized when control tower closed.
5. Visibility reduction by helicopters not authorized. 6. Final approach course offset MSA RWJIL
1.10*. 7. Pilot controlled li hti 119.7.

kIO T77E----

THERMAL TRANSITION,

RW 2L
33-50 449' 01

1e 0

Pe not athorized v airway

700' ~~~adilsR) 0 73'J clokieR08

JISOPBermuda Dunes 2096

AF

DH 16 .2 TRIq

(IF) 0 RNP-0.3)
{IF) 5500 MAXIMUM

Max 2 10 KIAS

- - 10.7 O

So NAL USE Cocan.
Regl

11r10 0

F sOP TEVUC
(GP Intept)4gs

RW311 Zpo*\ 2900' 93

[TCH 56']

rozE 430' -618 6.5 '3.8
to 7.3 11.1

STRAIGHT-IN LANDING RWY 31L

C14 RNP 0.30

1 DAIH) 734'(3o4')

B

C1

D

CHANGES: VOLPE/MIT test chart. O JPPESEN, 2005, 2011. ALL RIGHTS RESERVD.
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SALT LAKE CITY,
KSLC/SLC "illP.JEPPESEN UTAHSALT LAKE CITY INTL 14 Nova (10-3-)

I. RADAR required.
2. DME/DME/IRU or GPS required.

SALT L9CIT 3. RNAV 1.
At Elev4. Turboljo aircraft only.

135.5 4227' Trans level: FLO0 Tranm st: 18000' 0. If unable to accept climb rates and crossing restrictions, advise ATC on Initial contact.1. HAYDEN Transtion: For non-GPS equipped aircraft BVIL. MLD. OD and TCH DMES must be operational.
7. MEEKER Transition: For non-GPS equipped aircraft BVL, MLD, OCS, 000 and TCH OMES must be operational.
N. MYTON Transition: For non-GPS equipped aircraft NVL, FFL. OGD and TCH DMES Must be operational.

LEETZ TWO RNAV DEPARTURE
0 (LEETZ2.LEETZ)

" NOT FOR NAVIGATIONAL USE HAYDEN/MEEKER/MYTON TRANSITIONS

N
Direct distance fromn Salt Lake City Intl to: -&PP1GG 4 NM NOT TO SCALE

Owio
AtI260KT At20 1KLEETZAt o At ONSET

At 230Re
At or ;bovI normal speedRsm

12000' 0.a%! fter CHEDOnra pe

At or below L-
ISO xN 

HAUNM

This 8lD requires take-off minimumst4EtFIT4
(for standard minimum, refer to airpott char7t) - 5 f
Rwy 14, 32. 34L/R, 36: Not authorized - ATC. """ 081
Rwy 16L: Standard (or lower than standard, If pFag
authorized) with minimum climb of 385' per NM al N
to NNNN.,ATC climb of 385' per NM fro 1000' -to 13N'.jt Ej
Rwy 1R: Standard (or lower than standard, It pps-,
authorized) with minimum climb of 415' per NM X D 0 T
to 9000'. ATC climb of 370' per NM from 000' At 2N50 KIT Loma

Swy Standard (or lower than standard, If At orove X At or bow
authtorized) Kith inimum~wt Climb of 370' par 47e 7' ISLO ..
to 00 ATC climb ot 370' por NM tom 6066' 477 '
to13000,. At or above normaf peed
Sod ped-KT 70 SR1m00 4727' at DOCKT

370'fte perNM K8

3OS' per NM 181415128141921
41F'perNM 159621313M7020751

RWY INITIAL CLIM ALTITUDE MITON
1NL/R Climb heading 181* to 4727' thEn RIGHT turn direct FPOG. NnyS 1N RMutIple 1ight poIes beginingTthen via depleted rout! to LEETZ- MAINTAIN PL230 of 988' from SER, NO' RIGHT of centerline, up to

17 Climb heading 160* to 4727' than RIGHT turn direct PPIGG, lower filed altitude. 34' AOL/4254' MSL.
then iI depitd root, to LEETZ. Rwy 17: Multiple light pols beginning 9166' from

ROU7ING S1EN, 089' RIGHT of conterline, up to 34' AGL/
0264' IMOL. Vehicle an road 434' ttomt DEN. D1N'

VI. tranitIon. EXPECT filed altitude 10 Minutes after departure. RIGHT of centeonIond, 17' A L/4m37 ML.
HANCES: VOLPE/NIT test dt't. PN s. Au ootN NrsNU.

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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KSLC/SLC
SALT LAKE CITY

~WJEPPEEEN UTAH
14 Nov00 (1-3B-) -

1. RADAR required.
A1 LAKE 01y 2. DME/DME/IRU or GPS required.

22 jai 1p22st Tranm level FL180 Trans lt: 18000, 3. roRNAV
135.5 4227' 4. Turbo2jst aircraft only1.5. If unal* to accept climb rates and crossing restrictions. advise ATC on Initial contact.

8. HOLTR Transition: For non-GPS equipped aircraft FFU, LHO. OGD and TCH DMEs must be operational.

LEETZ TWO RNAV DEPARTURE
(LEETZ2.LEETZ)

2,720- aaa HOLTR TRANSITION
At 250 XT

MSA TCH VDR At or below Ain22r
FL230

Direct distance from Solt Le City Inti to: r4. met spe NOT TO SCALE
PPIGG 4 NM

AItr. Ibv

LEETi
NOT FOR NAVIGATIONAL USE

12000 6

-WASATOI

This S1D requires take-off minimums
(for standard minimum, refer to airport chart):
R0ys 14, 32, 34L/R. 35: Not authorized - ATC.
Rwy 16L: Standard (or lower than standard, If

2authorized) with minimum climb of 385' per NM
to 000'. ATC c2imb of 388' per NM from 0000'
to 13000'.
Rwy 1R: Standard (or lower than standard, if

x uttorized) with minimum climb of 415' per NM
to 000'. ATC climb of 370' per NM from 9000'

At 7' 821 1 'Standard (or lower thn 2tandard. If
authorized) with minimumn climb of 370' pr NM
to 9000'. ATC climb of 370' per NM from 000'

At or above 1013001'.F 4727' Gnd LpeN-KT 1 7651 1 150 20012801300
370 per NM 46 17 25 1 5 8

3o!5' per NM 41 42190312
416' per NM 15101602 110313 7227

RWY INITIAL CLEIE ALTITUEE OBSTACLES
ULM Climb heading 1 2o 4727', thn RIGHT turn direct PPIGG, Ry2 16L/16 Multiple, light po42 beginning

041then via dp ed rout to LEETZ. MAINTAIN FL230 or " 8' from DER, 880' RIGHT of centerln, up to

17 Climb heading 166' to 4727', then R1GHT turn direct PPIGG, lower filed altitude. 34 AOL/4264' M8L b
then241a depicted route to LEETZ. 8214 17: Multiple21 light p22l" beg124140 28' 14224

.DER, 08' RIGHT of centerine, up to 34' AOL/
ROUTIN 4284' ML. Vehicle on road 434' 4rom DER, 518'

Vim transition. EXPECT f2led altitude 10 minute after departure. RIGHT of oonterline, 17' AGL/4237' MSL.

-,Mumr: VOLN/Mfr Wet char . EPNMaN, a, no. AR seem1 MtsWD:

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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SALT LAKE CITY,
.JEPPESEN UTAH

14000 (1 -
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KSLC/SLC
SALT LAKE CITY INTL

1. RADAR required.
_lT 2. DME/DME/IRU or GPS required.

Depart ( 43) Apt 3~s~ EPoiOC Tram sit; 18000' 3. RNAV 1.
13. 4227' Trans level: FL10 Tran al:u800' bo ltaircraft only.

5. If unable to accept climb rates and crossing restrictions, advise ATC on initial contact.
6. ROCK SPRINGS Transition: For non-GPS equipped aircraft OG 0nd TCH CMEs must be operational.

LEETZ TWO RNAV DEPARTURE
(LEETZ2.LEETZ)

d7O' NOT FOR NAVIGATIONAL USE ROCK SPRINGS TRANSITION
MSA SCHI yOR

Olreet disttnefom it~ Lak$ei City 1nt5to
PPIGG 4 WA PLO"

At 250 KT

FL230

normal speed
-fter PLOGE

At=0K LEETZ 5r;. .

Ro9*- 04"3 4/,3:33 3h$34-AC

3013. 1000T

WASATCH
-AW-.. TCH

At or beow ,

This SID requires take-off minimums
(for standard minimums, refer to airport chart):
Retyr 14. 32, 34L/R, 35: Not authorized - ATC.
Rwy 16: Standard (or lower than standard. If
authtried) With 31imum climb of 385' per NM
to 9000'. ATC clmb of 38' per NM from 9000'

A e ** .to 13000'.
P XRALy I: Standard (or lower than standard, It

x authorized) with minimum climb of 415' per NM

AttLo MrITboveN1000. ATC climb of 370' per Ns from 9000
4727' Rwy 17: Standard (or lower then standard, It5 7 3< authorized) with minimum climb of 370' per NMl

Atorab5NOT TO SCALE to 900. ATC climb of 370' Per NM from 000
G lnd speed-KT 71' 100 150 2002030

43' MN. 413 317 424 1$2 142 1

385' per NM 4!1 6421963 121609
41' Par NM 5191692110381817 20

16L/M Climb heoding 181* to 4727', than RIGHT turn direct PPIGG, Rwys 16IL/16R1: Multiple Ilight pols beginning
than via deplcted route to ILEETZ- MAETAEN PL230 or 988' from DER, 689' RIGHT of centerilin, up to

17 Climb hooding 166* to 4727', then RIGHT turn direct PPIGG, lower filed altitude. 34' AGL/4254' MSL.
17 than via deplcted route to LEETZ. Dw 17: Multipl light plsbeginn 9068 from

ROUITENG 4254' MSIL. Vehicle on road 434' from DER, 518'
Via transition. EXPECT f$led altitude 10 minute after departure. RIGHT of cont.rlin, 17' AOL/4237' MSL.

MNGES: LPE/Mr et d.rt. 0 4PP. IM3, to. A DO Ro3 M3UD.
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LAS VEGAS Deparre (R) Ap' fe" Trans lv: FL180 D/ RU or PS required.

125.9 2181V Tans Al8l. 18000 2: RaOlai 1q11

1.'o:0 R -A -S quipped aircraft d.parting Rey. 1LIR, 10L/R: LSV. OLD, BTY And TPH DME. must be Operational.

1,2030' Y SHEAD SEVEN RNAV DEPARTURE
M2.x (SHEAD7.SHEAD)

*681' . RWYS IL/R & RWYS 19L/R

8sms LAS 04 -W RWYS ILIR: MAX 250 AT

NOT TO SCALE

'k Pa* LAS VEWA

SHEAD 
Fa u Ls

- F183LA"
Y 14080 RDP..

00' (ATC)
At orabv

A, 1los' 66 0V'

DANOW at Ar above 2 '

At 9OWthan direct waypint

FL.210 |- -

This SD requires take.-off minimums
(for standard minimums. rofer to airport chart):
Rys IL/R: 1100-3 with minimum Climb o1 600'

per NM to 6000', 1then 346' p.r NM to
13000'(ATC).
Rwy. 18L/R: Standard (Or lower than Standard,

dfatoie) withmnimumo, 43NOT FOR NAVIGATIONAL USE
NM 8.,8880'.
GAnd speed-xKT 75 100 150 2010 260 300N TF R N V G T O A S
345' per NW 431 R75 863 1180 1438 1725

400' Per NM 0 067 1000 1333 1667 2000
470' Per NM 588 783 1175 1671 1068 2350

463' Per NMl 604 805 1208 10213 2416Ditd t 
fm Carnl

600'prN 625 833 12601 1872013 2600" 
("'R 

l f9)o: F cCXIX ntl

Y TINSTAL CLIM (Roy )19) to: JAKER 5 NM

climb he8&ding 010* to 281', then LEFT turn direct BESBY, 8h88 1n tra0k 1188* to 0oss MDDOG Wt

1L/R 80.0', thenoonstrack 266* to ce TARRK at 11000', then on track 256* to Cross SHEAD at or
116088 140800'. 088TACIP8
Climb heading 190* to 2681'. then direct FIXIX, them On track 227* to cross RCPPR At Or below 7000' Roy 1L: 8uilding 1800' from DER, 483' LEFT

19L (A1'C1/at orabe6.0868'. 86811n 8,806ac 2100 to1 cross M00009at88008' 10.11 .00trak0' AMY IL:8 Building1188 716 814 81. DER, 403 FT ,8181808118,808 0 11

19 (ATC)/ at or1bve060'. th n on track 2 1' to cros DDIO atov 1000te o. rck26 to cross of cenfterline, 71' AGL/2148' MSL. Pao 453' Rwy 19L: Multiple buildings, tres a pols
TARRK 88 11888', 11en11 n track 2s 6* to1 os SEAD 88 or above 14800'. from DER. 283' LEFT of canterino. 38' AGL/ 1304' from DER, 251' RIGHT of centerline. up

01mb heading 190* to 2681'., thn direct JAKER, th8n1on1track.228' to1cro80 ROPPR 1t or below 7888' T M 1042f L/2124S 108' R0GMT204c erL. 6 AG 3 080.

198 (ATC)/at or above g600'. then on track 210* to cross MDDOG at 9000', tnonrak2Ocros R 21R:ML Sign 131' from DER 6448 RIGH of ' Rwy 4 19R: Tries 2163' from DER.LETo

TARRK at 110001', th 1 n on track 200' 8o01ro LEFT Ot orabootv0, 35- 38 L/21241' 10, 1082' RIGnT of 181181, 368 ' AGL/2236' MuL8.

18 1ATI/. ontak288ocos$EDa rs 6100 Roy 18, Sign 1331' train DER. 4481' RIGHT of Roy 186, Tr800 1843' from1 DER, 320' LEFT 08

TARR .11100'.8688111 1,111 208 8810. 6680 81 81 8.11 141' 10811800' AGL/2120' 881. Writ88 604' 001188,1188, op 8000 881 /2238' 881. Multiple8

ROUTENG08i ALTtsTE from DER, 539' RIGHT of centerline, up to building8, signs and41o0188187' from1DER, 0'
From1 SHEAD via tranition. EXPECT fied altitude 101minutesafter departure. I MAINTAIN P188 17' AL/0050' M0L, RIGHT of centerine, up to 76' AGL/2291' MSL.

08U8r80: Vo68E/M1T 8et char8. * WN, 200S, "l.NO2W, NEWGR SOMD.

KLASLAS
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KLASLAS

1. Di/DM/IRU or PS required.
LAS VEGA DPoerre (R) Apt Ele Trans level: FL 180 RNAV R quired.125.9 2181 Trans lst: 18000- 4. For non-GPS equipped aircraft departing Rwys 25L/R: LSV, BLD, BTY and TPH DMEs must be operational.

5. For norn-GPS equipped aircraft departing Roy. 7L/R: BLD,. STY and TPH DMEs must be operational.

0,2O SHEAD SEVEN RNAV DEPARTURE
(SHEAD7.SHEAD)

OAL RWYS 7L/R & 25L/R

075e WASTE
A8M .jc 255'u 075'+ 4.9

NOT TO SCALE

itr~ ,4. 7S

FillD At or bebl
WMe )f00000' 

oAt or aborve

Ilt M AD ELAS VEGAS 6000'

AtOP~ Ar obvrAGW
R1,"#.FfA 

or 0bvAAt or balowm7000' (214
- un-At or above g11000' FO00' NAVmI GAT A U

This SID requires take-off minimums g at or above 2" 1'
(for standard minimum, refer to airport chart): a or--I than drrectwyptnl
Rwys 7L/R: Standard (or *ower thant standard, 167 feAt 9000'

fut e) wth minimum of m of 400' pr

NMo to to30000'.0

Rwys 25L/R: Standard (or lower than Standlard,
If authorized) with minimumn climb of 470' per
NM to 000'..4.
Gnd speod-KT 75 100 150 2011.0 00 A .'2

346' per NM 431 676 663 1150 1438 1725
400' pr NM T00 667 1000 1333 16'7 2000 M A

't ,'r NM ;4 0;1201'1212 NOT FOR NAVIGATIONAL USE
500' Der NM 626 833 1250 1867 2083 2500 Direct distance fromt McCarra Intl

(R= 7L1). to:. WASTE 4 WA
RWY INITIAL CL ~ Iw R to: JESJI 4 WA

Climb heading 076* to 2031'. then direct WASTE, then on track 076* to Gross BAKRR at or below RR.y 25L to: PEMD 6 N'7L. 7000'(ATC)/t or above 8000', then on track 144* to cross MINEY at or above 6900', than on track Ry2R o BL
210* to HITME, then on track 261' to cross SHEAD at or above 14000'- OBSTACLES
Climb heading 075* to 24111', then direct JESJI, then on tracok 074* to cross BAKRR at or below Rory 7L: Tree# 701' from DER, LEFT and

7R 7000'(ATC)/at or above 9000', then on track 144* to cross MINEY at or abov0 80001, then on track RIGHT of centerline, up to 42' AGL/2074' MOL.
210* to HITME, then on track 201* to cross SHEAD at or above 104000'. Pole 747' from DER, 442' RIGHT of conterlin.,
Clmb heading 05' to 2681', then direct P0RMD, thon on track 106* to cross ROPPR at or below 7000' 25' AOL/2007' MSL.

2IL (ATC)/st or above 0000', than n trok 210' to cross MDOG at 0000', then on track 26* to oss Rwy 71: Tower 1467' from DER, 847' RIGHT
TARRK at 11000'. then o track 256* to cross SHEAD at or above 14000'. of contorline, 65' AGL/200' MOL.

Climb heading 26* to 2081', then direct RELL, then on track 188* to ros 0 ROPPR at or below 7 003' fom Ei 14 0 LiFT of buntilrin, up 0 20 R 2' ltile p les and trees 33' fro
2R (ATC)I/at or above 6600', thn on track 210' to moss MDD 0 at 000', than orn track 000000. r o 07' 00L/2000' M5L. Toe. 0037' from DER, 2457' MSL. Building 1822' from DER, 62'TARRK at 11000', thn o track 25' to 0os SHEAD at or above 14000' 100' LEFT of oent.rllno, 72' AGL/2230' MSL. LEFT of conterline, 50' AGL/2238' MSL.ROUTEN ALTILJDE Railroad 2564' from DER, 773' LEFT of Roads 660' from DER, 17' RIG0HT of
From SHEAD via transition. EXPECT filed altitude 10 minutes after departure. MAINTAIN FL190 cnterline, 60' AGL/2223' MSL. centerlin, up to 29' AGL/2208' M0L.

O"1AN6S.: VDM/Mif tes chat.



DALLAS-FT WORTH,
KDFW/DFW -JEPPEBEN TEXAS
DALLAS-FT WORTH INTL 2 APR10(60-5G-1) :

MEto2ONAL Det'roe () 1. DME/DME/IRU or GPS required. 2. RADAR required.

RW27I0/R bWVS SA/C FW~tJ A~'tTr. .. P10 2.or Turho-Jeft only 4. ROAV 1.
12.172/, t/ W18.5 12W.7 607'/ rt l F80 . bort- oqnipped . iraft departing RWYS 17C/R. 18L/R: CVE and FUZ must be operational.
125.12 118.55 1126.47 . r non-GPIS #quipped aircraft using NAVASOTA Transition: LOA must be operational.

NOT TO SCALE

NOT FOR NAVIGATIONAL USE

Direct distance from Dallas-Ft Worth Intl
{ItRys 17C/0) to: TREXX 11 MO
(Rwy. 1L/) to: LARRN 1 NAM

This 810 requires take-off minimums
(for standard minimums, refer to airport chlart):
Rwy. 170/R, 18L/R: Standard (or lower than
otandard, It authorizedl wh00 mclimb of 00' por NM to 5000'.
Rwys 13L/R. 17L, 31L/R, 35R: Not authorized -
ATC request,

n0 .peed-KIT t to5 100 too t oo300
600' per NM 02 832 tOI 0070 600
530' per NM 102 8S0 1251170702120
R3' per NM 070 1SS 1241178700A680

RWY I
digtO I 040 7't 17,000drotTEX o. RX 0t bt
Climb heading 174* to 1107', then direct TREXX, cross TREXX at or above

17C 50000, thon on depleted route to DARTZ.
NOTE: Do not exceed 240 KT until TREXX.
Climb heading 174* to 1107', than direct TREXX, cross TREXX at or above

17R 6000', than on depicted route to DARTZ.
NOTE: Do not exceed 240 KT until TREXX. MAINTAIN
Climb heading 174* to 1107'. then direct LARRN, cross LARRN at or above 10000

1L 5000'. ther on depicted route to DARTZ.
NOTE: Do ot exceed 240 KT until LARRN.
Citmb heading 174* to 1107'. then direct LARRN, cross LARRN at or above

1 50 000' . than orn depicted route to DARTZ.
NOTE: Do not exceed 040 KT util LARRN.

ROUTING
VI tranition. EXPECT filed altitude 10 minutes after d2etlure.

DARTZ THREE RNAV DEPARTURE
(DARTZ3.DARTZ)

RWYS 17C/R & 18L/R

At or above b
1111y, X X At or abve

o o 000 At or above 000'

un20til " LAR 0100
L2~!!!A00~,~,[ -000] TOEXX

Awl M JASPA A.M DARTZ

ACT

1001D TORNN TANSITIO
For aircraft landing

Lafaytta, Lake Charles g A
or Be rtol Pt

Arthur airports

BILEE TRANSITION A PE
For aircraft overflying NAVASOTA
BILEE, thence via the , TNV
appropriate STAR to

George Bush Intercontinental

rtermina airport

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
Jeppesen Sanderson, Inc. Copyright @ 2011
Figure reduced for illustrative purposes only
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INITIAL CLIMB 1 IAL.TITUEE

"IN"""" 201, =014 ALLUGRESERVnD.CNANGES: VOLFE/MIT -e dhart.



KDFW/DFW 'usSEN
DALLAS-FT WORTH INTL 2APRi0 (

loNAL Desrtr (l) 1. DME/DME/IRU or GPS required. 2, RADAR required. 3. For Turbo-Jets only 4. RNAV t.
0W05 t7C/R. tL/R INNI55t/C WYa/5 Apt El. Ttans level: FL 5. Fot no-GPS equipped aircraft departing RWYS 3L/C: CQY, CVE and FUZ Must be operational.

125.2 1 . 607' Trats It: 1000' 0. Por nonPS equippod aircraft departing RWYS 3LR: CQY and FUZ Must be operational.
|25 5 126.47 t or non-GPS equipped aircraft using NAVASOTA Transition: LOA must be operational.

0000'

0M TT D

NOT TO SCALE

NOT FOR NAVIGATIONAL USE

Direct distance from Dailas-t Worth Inti MY1Mt
(Rwy. 35L/C) to: MECHL 0 IA
(Rwys 3L/R) to: GVINE 7 NM

This SID requires take-off minimums
(for standard minimum*, refer to airport chart);
Rwy 35L: Standard (or lower than standard,
If authori.d) with a minimum olimb of 630'
per NM to 65000.
Rwy 35C: Standard (or lower than standard,
if authorized) with a miniomu climb of 53'
per NM to 6500'.
Roys 36L/A: Standard (or lower thn standard.
If authorized) with a minimum climb of 500'
Pr N to NM0'

530 ' per NM 631$313516128601

636' per NM 1880 1831301$1232

HWY INITIAL CLIUM ALTITUDE
Climb head[ng 004* to itcpt 011* *ours* to MECHL. cross MECHL at or

3&L *bot* 4000'. the0non 019* ttrok to MAVVS. *roso MAVV5 at or @bow* 9500',
then on dspltd route to DARTZ. NOTE: Do not exceed 240 KT until MAVVS.
Climb heading 364* to Intercept 010* oows to MECHL, cross MECHL at or

30C above 4000'. then on 080 track to MAVVS. cross MAVVS at or above 500'
then on depicted route to DARTZ. NOTE: Do not exceed 240 KT until MAVVS. MITAIN
Climb heading 354' to interopt 338' course to OVINE. than on 20* track to 10000,

bOL KMART, oros KMART at W abov 5500', then on depicted rout to DARTZ.
NOTE: Do not exceed 240 KT until KMART,
Climb heading 354' to ltercept 336* o .urse to OVINE. then on 260* track to

S6 KMART, cross KMART at or above 5500', then on depicted route to DARTZ.
NOTE: Do not exceed 240 KT until KMART.

Vi transition. EXPECT filed attitude 10 minutes after departure.
-NA01trs: Van/ITy tept A.r..

DALLAS-FT WORTH,
TEXAS

DARTZ ThREE RNAV DEPARTURE
DARTZ THREE RNAV DEPARTURE

(DARTZ3.DARTZ)

4 WI260- a RWYS 35L/C & 36L/R

At or above 6 400' * aboveAt or bot. 6600'
Do not exceed 00, Do not exceed

0 KMRT 5 *5OR454 onttMAVVSL
MAVER1ICK

AL M JAPA AA MMA ADARTZ

=ACT A
2 t

*M TORNN TRANSITION

For aircraft aIngs"g
Lfayett., Lake Charls

or Beatumont/Port
Arthur airports

BELEE TRANSITION
For aircraft overflying NAVAS0TA
BILEE, thnce via the , TNV
appropriate STAR to

George Bush Intercontinetal
or EASTERN Housto n

torminIl irports

Reproduced with permission of Jeppesen Sanderson, Inc. NOT FOR NAVIGATIONAL USE
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